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(jr JLc ajjLiJI 4JjjJ.I SuliaaJI j slj^=JI (JjjfcG] <_^lgi.l (—UjJlIlj ^"nitl p_JL*lU LaLtll 4 iiimji,! ^ * 1 »" 



CjL^>._ajU 4j*_uj aL<vlAzI ljuk (-2Ljj iJ^jlII (3j-" 4t- 2^^1'J.I 4_l1^XIj 4_iiii]lj *> J * 25 II c_ajLiiaJI J* i"i 
0-ijlj.a (JLc Lul j J-<VLt-i (J *\£—,~i\ jjlaj - i ^ >1 ^l J^* 1 - 1 ' j^ -i"-" 4r ' ' ' ^*" (-r"' L>~3^' '^-^ «jLS (jjJ ^j-a a JjJ . nil 
(jjjLJ J t^all '.t_gj.aJj.il aJlSjJI SJL^e *.£.} £_ LaJtS jlj q"i i n^l (J^-l ^j-a (jLaj^flj pJL*JLi tt 1 1 nU 4_)Lufu 2j^ (jr^-J 

.LcLiua LaJLSlU JjjJI t-fll <^it, JU3 4±ll 

4 a J 2j 1 1 <LJjjJI i_ijLrtliJI x_a j ajj 4_uL>ol jjaJaa. TcjiLUI ^ jj Wi j p^-i .^."t <LaL*JI Sjlj 2I OJaa. jjij 
4jI ua Liaj^ ■ l'oi\^— » « J^jlII (JJ-^" ' LllalLa ■ ^- >l *- ■ <lL>Jl>- 4.LaJLc i_<_JL_ul (3^3 ' 4_j_ujJl'JI 7c_a!^iJ! s-Lb ^_ 
«J_l£=jJI (JiU-i i^JlII 4-ilLajJI 4-ll^.U j-uLtll jIJlC.! pjj_t!iMJ £_ a jla^J I oJJt, cJilaJ Jl£j i 4jI ALaHa ^ibJ 
(jj 1 11 JII4-I 4-LLa i-^"- 1 (jL>J J,^~ ' '"'"' ^yic L^jLu A- ^.uLaII J-alLG j| 4 <U_u j _L'J I Tcal^JI s-Lb A_ 4_l<_oL_oj! 
(_£Jl!I (jr Ljj«JI fcjsljjl x_a 4-LaJL*J I 4jJjJI Jj^ljjj («L-po ^'1 ^ U t_xjjjuj|j ( _ r J-aJI p-LL*lU <LaL»JI Sim uj-llj (JjJ^JI 
j '^— >| ^jjjJlj :*_aLJ)_<J 4 1 i\\£—,~i\ .jUm ijL^lII ^_ (jGtUI <jJlj1> r-j^elLl CjJj^aJI 3j-" CjLtllalLa «Uij_a3 

,<LLuLu^| d'il ilU", a J^_uL>iJ 2— 4-ULfll a J '^— >| a 4 (JjU«JI (jj 1 11 1 LSI i-ViH 

A j/—~ "tHJU' '-r 4jjJaJ2l 4 j * 2j /o 1 11^ j^jjiji (j^^l' p^~ , ~-"^' (^JLlA 4_ujjJl1II 4 lj^>J| i>Jak (JjLujj 

^j^ i^V'iU I JuJ 4_aj^MJI CjIjL^XI 1 >l 1 ■<"'^-»l 4_uLl£=3 JjLHu ij^.L>. Cj Lc ^jJo^a 4 j * 2j J I dlLtl^saJLl SjjLo^uJIj 

j^l «dJI jj^a (J^aG 4_ljJjJlIlII A-ixS^kJI OJJk (XLiJlJ ^j-U x_JaJ (j^J w-4>l_Ll,l J 'J J p ^ -1 ualJ <Lal_*JI 2jl J^flj 
1 Ll2jl11| £ys jJLtvj Ja-m-LX (_)jJLu/l_l cA^aj^UI 4jjj)j_Ji]l CjIjL^II (Jjj-a G ^_ j.j!uLl>3 J^— > ■"■ ) p j 1 ■■" (jl (J^-J 

.CjIjL^JLI tfjuk i—)L ■■"^— I 4_lLj^1 rtUlJiJ (_^jJI ^J^^-— ui j|j d)l S-uIal!lj 4JLtL_uVL)j 

t_t-Lre.a i> jttji 11 4Jl itfL-b^jj 4-uvj Li I j <" (j '■ Ltaj ■ u-ll a LbjIjLcl j^,!^! (j'^-a^'-^' Jj^J- 1 u' (J I '" ' 4JLllj 

.*L^jJI 



w-ALlJLl jj^Iajj p j 1 L^aHJ A^qLjlII BjI^VI 




eft I (tSauill i^JLw jaaA£)l 



^Vl /<s^=u»l!Li 4 nU'U ajjjjL^V! s^jLdlj ,&-uiLai,Li t_jjjull lJljjjI! dl! j$ 1 4jjij< i nil 4_ujjJI l^ala-lb iuiSlII i2jLlL4=JI 
iJuUo^j i-jyjjajl i^U-j (^LajjjVl jt (jJ^I p-^--ti ^jLujj ,^^^1 ^yk. jj^iil iJLft i^j^oj .Automatic control 

./yJVI fi ^3 sej 1 1 di 1 fl j^' fl Cj Ua^=3La j >-lo Lt£. ^a-iLi ta3-a 
(j-iJ! CjL>-jJ (jji ill I jjQ *_i*ajj JLtjj 4JLa- i i ii 4il! L^ala. i _ J j_I I <> «J iUtl ( j_a <n 1 <"n jj| ^_ 4jtxaL>JI (jLjuVt 4_lCj C^-il^= Jl2J 
' " 1 1 a j la ' a » j ' i eaj j -i j 1 1 -•>" 4_oL^=ual ^_ C~re_u ^_ls.2| tjuij .jalnJ! tjui jj gla Jl Cj.il (_pJI i_jLij-u2t /<uil Jls-I pljo^tj 

.*tj>Vtj 4J3jJI IL. ^yJI f Ijjl (j-a Ifl/q La Jj=lJ 4\^.jJj_uJ I (— ll ajialll w *»l < ^~j w ^I --" A-u-uJlIiSs 
4_i_a_jjJt SLpJt Cj^Lj^a i_ajaje-a £ (ftj=3UelJlj J . V.VI i^Lc (JL>ol J^i <j-°j-^ (L>-° ^J^"' aJui ^_ C-jJlj»JI (oJLkJI "Ajtlu '—tP - 
jl (^V! -i ^— ' -»" 1 1 CjLajiila TcjjLilt jj£- dJj^iaj Jl2j3 .aJJjjj 4_uiL9j j'^-ii Lfll* a. J I fljj ■ ■■--' (_>l3jJLi dJJjj (jLuiJ^L) 

i-il ajUll I ajLjfc jJji^. ^_ (jL-uJ ^1 (Ji-JiILi dJJjj JiLajjjal 

AjjiiHI jL^a J^ <ua oL^uj^! J^j il Manual Control ^jj^JI p^-'" _^ p-^--ti ,-,Ujk;* ^f ^jif ^l j| 

Sj Laj ■ uJl a -i ^— i -»" 1 1 joj AJjLiaj (jj/LiS ^_ «J"AI <^<~j «Lc.LaJij AjjtjjlaJI 4-Lol^i. a JlJt" i hjj AjjLkJ! ^ LilLl I i " 1 1 a j la 1 1 1 ^_ 3ji3jJi,l 
^j uLl^jI 2 j ^ a> I ^j ^* * ^jL-uj^/l aJltt" i nl liiTtla jj LaJ ^-J tiJJ j Jm_iJ . I $* rt ^J^autlLi /jjJ' ^ a j ^-~* **- 1 1 ^_ -n ^3 3ej J I CjK_LJtILa /yk 
.SjijjJil AjJuujM j\ i ii a (jjJ^Li (JLaJ==u j-A Ajiy [ftj=L5ejj| j '»" a (j^. XAllJeJL I Cj Laj U U J CjuLuJI (Jj-r i ujj 
.jL^j -n^-— i >i * ) ' * '"~ j AJaJLag (j-*^>* J ,/s '*' ^J J i" i nl ^jl i n iZ) q] ^1 LuI S JljjJLI 4_iJutHJl jLulq x_La_>. jLt^a A_j_i O 4_L>»^a ^^j-^J 
-i la ' 1 1 Cjj_pj3 Iju t jiajuj -i ^— i -»" 1 1 j i «" I ^ ij I U 1 1 j -ij^" ' La u '— (jr & a1s>.jX\ aJJt £— 4_;jjjLuj2| (jLuiJi! J '" „$ '— J J'- LO J 
i-il njUl/i jj-a ij\Jua JJl£. Ji^>-^J *-t~^p- L^j-^^J-^' -i ^— -»" 1 1 <jr^- 'j- 5 ^ (jLuUi! 7r j i r\ I a AjjLajJ! Cjjjiaj AiJLi 4jL->-j_a ^_j 
CjK_utILa 4_JL>» ^y£L 4_aj^Ul Cj Laj Lit U j CjuLuJI jt_a^>oj ./cia_Laj 3jkj)-a 4_iJl»j jLulo L^_t_a i j'~~~ 1 1 jL>-ajj A_lL>JL1 -n ^-~* sejJl 

sj^a ij>.ji!! ojuij .jjLuljVI i jfc«^\)j Control-panel so^-lj ^ ■£--." ij>.jj ii. i ^j^-^^i i -ry^A sic p^-^->"ti 

t. 1 1 n"v A_lL>JL1 < " ) I a ifl la ' 1 1 CjUILa IjLjj CjK-utlLa 2— f\ t ~—^ 3e -^£9 J „ ' " * tj' Q' ' " * * I ' JkJ (j-^^-a- 1 ^ *ri- >0 JOJ'_i 7 t ri^'-^- a 4^.a_aj?e_a-J 

.«LljJ 4J3j) >JLa 4_t_L*_a 4 Laj>. 

i-i\l ^-i ,",^ (_L->-j ^j i •£—. ^Li^.1 LuJ-lLi aj-Sj 4Jl C— p- ' ^-jJ^'' ' " ' i ajJaJLl I aJl23 £— iljui 2jjj j"jj ' i^" - " 'I (J^*"- 5 ! '-. ' ' ' " ^-^3 
JlC.I^J3 '£— aJlJt" i.iU j"jj.' »J=l1I j»_J-2J 4jj^-^ ■■■»tl ^J^lJ' Jk" 4r ^^-*^ idLajIalll «Jui Ii_ Ji.Jil La Ijl AjUU SjLajua 
jjjui (Jjlrtjj Liiajl aj-ajj i_3Jujl dJJj (j^. JiJjj (jl Julj ^jS-l 3j_a I ^IjS" i nj /o3 i_3Jujl Jl ojLiful (JLujju ^-jjlj uaJl (J^Lksl 
4_Ljl>3 icj_<jij t-jjLi^sJI (J^LksLi j_aljl - I U <~ U j»j^j joj 4JLJL1 AJ3Jlj «L&L>oIj <£l£.j-lu^ i^JuJ! ^-tij JljJlj>o (^^jJLi CjljLiiuVI 
c_<j>o Ijuk ^jl I i olr I jl 1 oj i n 2(j /m , ^ , ^ -»■" 1 1 (—Lc 4_jj_a-«JI oJJb 4_ia_*_Lo ^J^a ^-Ajno 2(j .l^JwJI 1 u ' ga * /^>- cl^-*-* *?L>ol ^-J 

.S Jij J_»_a (j 1^3 ^_ ^3j (jl 
Ii_ aJlJ-"i 1 nl La I jl Sj-io^a 4-J-^ CjLuL^ujiI w La «J (jl «U^=lx-1 ^ Jl!I jj ■ ■■ j 1 "jj J9j * :1 -' J 1 1 (Jjj>- 4 jo i»l Jl 2jLfu^?l jJpo LaJ== 

.AjjLkJI CjLijjjLsJLi (JJ5J3 La I jl «L>-Lljl i_ajJL^=3ij ( _ > ^ai.j t_<jL>- ^\ I Jui -i^~~ udLlI '"" ajIaJLa 
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^Vl |«SjuJI £jL» 



^1 -.^--tlj JL^jVI ^ 
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j^\ i^* 



«J] Sbjis" j^ 11 fc**?- 
















Zl 



Ij^>JI oJj» (jLSj! J J ^jalil Jj-aj <jf su^lhtl fliVI ^jImm 



jLiLu :^d2l) jJj^tluJjjJI 












jmrtftTtl 

"i£liyJl\<)'i&l£±)Ai\ AUai'Sf! A.LUJ 




*^Vl(iS^luUjlfrj(i&ulljJL*ffl(il£- \ 

Cj^L^a i M"-»-a ^_ p<— i seHJl a ^Jl .^." yl ajJLc (JLiol j-><J (j-aj-JI ^j-a iJjVI oJufc A- id— i-L>JI *sJL*J! «L^tjj 

(j-u <UjLiLa 4_i_ulj.i (J-«-*-i (»J-2-i i_3jj_u (_j-J^' (ft^a-sejJ! '"" aaJa-Laa p^~~ i-seaJlj ^Jl ua^VI ■> j g a 4 (_ylc (_3j_jl±j (^^jjj-j 

p' : ~~ ' SegJI a^j£- >4r ' l - lJ - u "-" ^ ' pj ftLflJU ^j '■-> * ' I J * a ^j — I -»■" 1 u ) (j) Ld /- i 1 n" s (J^>- ' (j ' 'j~-— '"' A_ 4 La_i 1 u ) ( " ' I a j La * a 

4-a-L3 Jtlc ^jI^JkJI ^_ (J-il 1 nil ^J~ 1 11 a Ct-LiTiJ ^_ a Jl^t" i n"t (j| ^j^— 1 1 ' 4_j_<_u Jijjfe *> a a La * a t^JI-J-i V 1 1 ) J*^""* u/j 

*Lal^*JI jjLJS 4_<t_u3JI oJufc £>£. jj!j_>JI A- tl (_P> ' »H i^j" i u a JuJO LaJiicj ^""" p ^ ua-1 1 LAOJljso fig 4-Ln.a 
LajLaJUj LaljjtJI ^A-> (j-u-a^laJl AJaJLl *_iis j j-l*jj i_3j i u ^QJuj (JjLu/I ^Jl jl (JLct (JJ t-l!j_^jj i_3jjj/ t 1 lOclt 

^ ;jj ^ti udj^m cJiia '4-jla cru ^;j ^3 j^ jj^ j^j j^iHl Ijla j-xb .Potentiometer s^jaXI 

'£- JjJ>J fO La oLsol IL. MotOr tiJj^JLl JJJJ ( Hq (j" J'.*-*\ (jljJJI IL. JjLjJI ^jlcu-a j1 (^1 ) ij^j^a 

jj£. jlj^>JI tj\ JjL-oJI ^jj Jjj«-a 4- p^-— "N Lu^=v»j LiU Jljj .4_JL^ ajLi^?l dJL^= lij 0U0VI ^y^^c 

.h <cujS jl jjjl^ ^ JjLJI ^ji<^a jjj^ii Control- valve p^^-^-.ti ^La-ua 




ll_^C 



.4_Lc IJlJJLJ 



(4_uj/ jtlib 3 *j)J»*<iYJ < il , „ ^j" 1 11 a £_. p^-»-»"tl 4 a a La * a : ( 1 - 1 )J^~ * ■"■ 

^jl 1 iitVI 2— <U^aL>-j 4_l>JI CjLuL^=JI [C-LaJt-a £- «Ji^>.jj3 4_jj»-jJ_jjj 4_ajiila Tciisjj (Y - ^ ) J^~* lmj 
jjlj f-^jus^A vJDjeCt (]/Lta i_3Jub ^jji 4JJLJJ ' >>1Sj (j) (jL-uJin « j-LaH 1 •■ ' 1 " ^~~ • 7t-i-aj3 4 a a La * I , I tfjubj 






H_J\tY 



jmrtftTtl 




Hand __Jlj ^IjjJI J! 



jl^>Jl jj£. 4-L.t.a cjljLil jl_jLi Brain pLajJl ^^jsj aJUJI <>jl_ _l.j 



_L Eye _r__l JJ_ ^-jL j_Ji__J _J_>il L-SJijJI 0_>_ JwJIj f IjJJI _Jj_*Tu ^T i^- C_c.ll.uTiJ _jljl__VI ojufcj 

(___=_! pLojJI ^J aj_j-a cjljLiJ (Jl__jLi ^j u-xJI jL^>Ji f»j-y _u> i__jtJI dr43 J4JI o^ i-L_JLl <L_lj_a 

JljJI (j__lJ_ (j) JJ _JjJ_*JI £_ 4_L__J_La_UjJI 4_(JU_JI oj—b J a" I n"j .L-SJ-Jlj JtjJI _ru 4_)1 I ntLi Laic ■=> L_J JO 

.lj___5 I -1 j Lu 4 j 1 i nitl 4_>l 1 11 t,l jj-~- " LiUj-lJ i__J-JI 

_^ 3RAINp^ 




(4_L>-_aJ_a-U 4 4a_ — 4 ")_." * a i__Jl_> jjjs (_)l^__zl 3 "j —a * a (Y - ^ )J~~* '"' 



oJl_ ^-J < _r__a ?— — -a )i_u___ ^_ p — ■ a—— HI I j i ul i ■■■ <_— L— . p— J ijj u_ — a 4 a >a —a * a 7__3_o-i_ (V - l) (J— —J '"' — *l 
( _j_sj_JIj /- 'l 1 — — ■ ■ ■■" J_I^T_I (Jju_aj (jli =_ i _ll _J_1 _jIj_iJ__uI 1_u_ g— — II Ij—fe r-__2 3 L_a. *_i_>jj 4 a tt— — — 1 1 

■ UIll-zj p_j ^---J Factories ^L__u JJ ^__>u i_.j__.ji l i__>_l J_^j_ p_ . ;____, I 3lj__VI 4- v---llj 

gjj I II tl ^_ 4_L_I__!I <>Jl-J /- _J__»J| rLLO. *_ I 4_jL_l 4__jlj_ (J__U Jjlj___l ^_ _>_5j__] g— j— J 7"jJ— -1 _)l J__J 

_l jJ__il _l_u p_ Production plan i^l-iVI i__>_| L^__l__ u ? ^Lc, c____j <pJI -JX^-.nVi oV ___*_> 

1 j" , „l j , „ ^yj (Jj— — /— — -~ 1 x_Lu_JLI J! — jLa-U— J _JJj_ Jj-ujjj^ ,jj i nt I 4__l__ (. i i n~>- LgllJ—uJ 4_uJl_U 4j__»_ I 
~-Ll_— VI _?-• ' )jl— — 1, I _)jlj_II (J_l>_ 4__i- J} (jj a-o-_ — j, I <J_— — ■ (jl j! <-i— a— Jl oJ-_ j__L__j .4_^L_2l 

I ga»__l _jVju_aj 4 tl i ii It (— -O-J-l 



_JjVl3-_»>}l 



H_iiW 



ji-HlftTtl 




JjJ-uJI 



__L_*__il>__ 



I 



strategy 



market 



progra 




__l___u 



factories 



J 



■J '.'^~~ > ** ^jI^*^)->-l"'>l _ t-A *___>jj *> a a La * a :(V - \ ),J~~~ i ■"■ 



Engineering ^jd^l oLa^-Jib _>i_Ll*__ ___ oU^t-uUI <>, jjVl ^U! _)1 j-=_-tL ^.j^-M 

(JlLa ._)___<_■ (^^ia^c. ^jjii-r"! (jjj-uJiigJU l(jojo i,Vm ^J-Sj ^jJI iliLajt^UI ^j.™ fj-iil -iUj _a_&J SySlCHlS 
Cj^T __L p- 1 - — ill __iL_j___Laj ( ___^Li____l! (jlj^Vlj oLv^LUI _f_ SjljoJI __.Lvj._i _f_ p- 1 - — ill __iL_j___La 

■ " ' La j La * a a ._}jj___!lj _)j_)jJI __i____>j__ta __.l___.j__u __L_ p -— i ->" 1 1 '"'' "j'-^* aj . ___li_uJl_-JI _pjjJI _L_ (Jjt i*i"itl 

. ^l....4_____j^_>JI 4_ol_t r*~JJ'J '^" ^-±^-j£ ' <j4---*JI ( LpLajjjl __)lj_i ______! I a__<Lu__! _--l-M jLuaJl 

£j__J! cdjj jm_J BiolOgiCal SyStemS 4_o._aJ_a.tJI -_.U3____L.L1 o_Ll*-_ _____ oU jJc-U I _y- ______ \_I-J 1 £j__M La! 

-L_jj___j ^L-r-JI I jut- _____ ____._>_! _-_-=-- ij__-_!l -_)L__ ___=_! I _!_ JLsuj 4_Ue____ dill _£___-_ _pj| --.I ajJa-l,! jj_a 

_L_ p_______lll ' " ' I "j -a ' a _J-_a j .",---. tl J__--j_ '"" aaJaJiJ,! _>___. _j-«J __U_t _L_ -C_i _i _pl____JI _)__.___) ___) T tjj-} 4_j_l_5__ 

j -— i i _J| 4 1 1 n t __L. p______s__JI t__ La laJaJLa _9 . 4J^_»_ 4_i__-.L__,l ____aj___JI j__-_ p-C-J 4_i_iL) L-gJLa. a. J _jl i nt _M ajlj__- <-».j_. 

. j__I I... ________! | __L p_______t__l __il_aji___aj a Jill __L 

oL.jJ_-UI _ys ^j-Ui -iUj j__.j Large scale systems s^_ h ______Jl -_aj_-_HL ___*__ _____ cU-i-il £___ti Ul 

l -JjjJI _L. rL-l^l ' -3 -3 *-.' 4-__L__JI -_)La^___UI J__-. di I_)_l-lU J J_aljj_ll _ys j_o____ J_UC ->jU->i -L. _U-J^ iS^ 
__L p -»- iX'ill <~i\l -^-~ .". a « ____>L>JI i"il aaJ-uiil J . 4_a___._ij__.l _)J_U _|_ jjjjJ.1 __L_ p_==__%lllLi <L-_>L>-tl '"'' ajj___i_-.l_a 

.7_JL..-_iJjjJI jl____JI pJ__J 

: _) J L___u_! I Ijuk 2jl ~-j____> (j| (_->-i (j---> ' ' I j -_-« | ' " ' I a alauJ, I tfjub -*'jl SJ.a 







SoLaalaJiJtl jjjs AJ^ill f'l^jVI ajufc [>J i^apjfiiil '"'1 fl-uaJI ^Jt, La 
:<LuVI A^3^" mi t, I "UluLu VI d)l a i<aJl ^j-^* ' I gJLu J^j3 4J| VI ^ a j la * a 

- s^j^.- Lt^a-uL4a-La oljLil Sjj^ 2_) Information flow oLa^Ml oLj>" ul ~ J 

oJlA (J-a-*3 /— ^= » J L i iiL-ut Uaj-iu ^-u.t-1 4 " >a la * a (_£l CjUa^auaj jj^:u£ (j-U (tcJ I 4 J ■ "^'•"' ** "JjJ J^~~' 

4-LllU 4 ^j la * I , I A. S^.l*1'J,I 4_ajLiillj 4^aljjtJI (j-u aJL^sjJI CjjL^JI I jl ^ <a^ .4^e_pe^s 4_2jjJa-i 4^aaJa-iJLl 
(^JiJj V l-Sjj-u CjLaala2l,l o juk ^jLa l^A^-. 4_JliJI 4^xalalll iL. J^J^' c\^= I jil jl _ ^ ) J^=lAj 

a ""■I"* '^ AJLjJaJL I j < a ' lallaJu ^psjJtJI 
: (j^jVI (_yic J o" )""< '"'' aa-Ia-lll 0J-& 2— puu (_jJ.II CjLiLjjlII <jl ~ <_) 

....(j"L*JI — <LaljjtJI ) ^j »->n j_u->LL*-i ^a "i < La ^ la ■ ul aJ 4-a alaJJL I ^_ CjJljso 4-Li.t.a t_jLjal*_a ^Jl lSj ■ ul ▼ 

.(jJI 
el.il ^jjc <\JLiJ3_} oj^us ( _ r lc (J ' -^ *-"' C— -pKJ 4-u.t.a 4_2jjJa-i LgIL>JI » a p3 CjLajJjLXI <>Jut> i la a a» J Jjajso ♦ 
— SjjJlIII <LajL2JJ) Lj-jle ^p|J ^r^J^*" •— ^i>^ Ch" ^ 4^-"".! ^ "T* tdJJL^aj ^ *j la * 1 , 1 J_ j ualg <J^= 

.(^l.-.^LajJI-^Jj^ai 

1 j",U , „lj » Jj' : ~~ ' *t ' Ly^ 3 -^ S_LJ^a AjjJu oj^us 2— I fetlg LlLuajv. (jjJI dlLaaLuLl <Lr>JL*-a /y->L"u aI JlJt" i »l ♦ 

■ Ctc-)'--- JLjJI - a I o LaJI) j-jL^J p^— ■*- ■ j uaig (^J^-la ^j^l tilljij CjIjjJlLo 2 JlC jl (j-Lta jjjulA 2— p ^— » -»" 1 1 

•.^V! p^— •*■**'" Lajlaia i_ajjju ^ _ ^ 

(j-L) dl LaaLtJ, I ^ju^-ijj /<uj 4JI (_g| : L^lS 4-SjI i nil cl)l a LiaJl Ja^>-J j^*- ■ I jl (_yJVI p^~" LSeUll 4 a j la * a (jl (JLaj 

,j£. Lg-al JlJt'ii ul ^psjJu CjuLuJIj cliLaaJjuLI ^j^-* ' 4_>JLl4j (J-iJLvj I <>» il i <\\ \^—,a a*\~,'->. \ I Li^j-^Lic 

4 "j la * I , I <?Jui A_ CjI^-l<TlU ^JaJi ' (jr^l Z j La-Li oJI a p^~" LSellJI A_ 3_LJ^JLI 4jjJl1!I jl i n a jjjjja 

: jLuajVI pjk jl (Cybernetics) l^r^u,..!! lju^ y- ^ 

^LjLu i^_ (J-a^o ^^ylt-U I jubj 4 Lti i ntl jtjLa jl (jLijJI <La.s (j^J^j <_Lu= VI 4-lLuV 4_aJL^= (j^k ^^-— ^"'^ "-mil 

L^a I JiitLi_u I <JL>- ^4- ("i * i ~* --" ^ I J (JL^ijVI pic L^JLi ^^— jljp i-li uJI i_ SjJtJ tilljJ Sj La-Li uJlj p'^— ' -»-"tl (jr ita 

Sj «j^-»tl '"'' aaJa-Ul j 'Lp-^J^_i_JI^ 4_luJlI ( JI '"'' aaJa-Ul ^_ 
CjVUJkl 4- (> t^a^aielll oUol Jl>-jj ^JJI i^Jlj>JI oUoVI dUj jjb ^Vl p^=u5el!l jL J>UI J ^=» ^_'J 
CjI Jl^t" i nl jJjjJa ^jc ciUjij Cj Luis UjJ I j x_*!L><-tlj (j oAllI «.Lalcj (j-u^J^ir!-^ ' J (^ i nJigU JILa 4 aliieJLI 
Cjljijcaj d\ ^a. I J m i uJ a .ajJaJI J a I ^— »" j i -^-^ JlLaJ i_y$-^ ' *- t r. L<a -^" P ^ '_' ^-a->«-i ' f !^~ '"' a J '^~* /, ~ ' lj)' '"I 



eJ5fl(»SaIlljJLfljVI(«k (OiJUT !WU^!ji^A>iiA)li*IaiVl2bu2j 




CjLu_uL>J! aI JlJt" i nl *] 4-aaIa-LaiJ <Lu-oL)j rOLa-i f-'-^j L7~^- j ~i ^ "i """' 4r- cr^' p^—*~-MI ' - ' ' a ala-La 

.r jLa-L!l ojuk 1 j a ' ■-" ( _ ; ^iJI Lut-ulaJI CjLJUjlII SL^aUta iL. **-*£) '"^ ^■''JL?"'^~'^* 
SjLiC J-4>J K.ODOI (jyJVI (jl i nWI «-lLi ^-" j p^-t i^-" £_ (jyiVI p^~" ---Ml f^J^C- <4- ,jj t-a-t-ajelll 7=^><J J^J 
4JI jl Ijjli^=3 x-Li CizL^ta «d (_yJVI (jLcuJ^fl .<L3tajjJU j_alj2lj CjLJUjlII i _jiaJ«-i Jlojj (jl « ^'-^"" •■"' i]| (j£- 

i* - * ' ^""j P - n ' "^" p J *^~~' "T I i^~~* <LaJuie 1 1 (_Jj_JaJjJI CjLlL^Ij r-QJ^fl • UjU-^j *_)LL<aJJj 4_ijji]l Cj^LcLoXI 
£>£. <U^sL>JI ClLa&LuLl ^j^« ' ' <>.}lji-aL) liBjj 4Jl!L) 4J2-L) (_palj_a2l .j-^"- ■"■"" aj-5j (_£Jl!I (_yJVI 1 U-iiaJI 
*LL^?I jLj^=lI SJLLuJI Cslj-pJI (Jj9 olilm^l J^ af JU4I ljuk '4rJ •O^bJuH LlusjX\ aJL>J| 
J_j_a _}JlC j 1^3 1 I j * a 1 j ^"1 1 , , i ^-Il>- L^LuLo^jjI j 4 a J eu I , I (_^a-tie ■"■"'! l_i_JL_u) 4^&/jjj ^_ £>< 1 a 1 ^--»"t I 
(JLta ^_ a jj Laj 1 1 (_yJVI p ^— » -»" 1 1 '"'' aaiaj a Ciljm-aj aj^>-l ^j-^* ) Ji^»-j3 <_lUj Jl ilaLiis^L) .^^^aLjr i"i VI 

.CjUaJilJIj S-LaTc*-^/! aoJLcj \1 iVi^yij pjitlll 4_uLaj3jl 

:^l ,«^=u*UI fJ JL r La5f r- i 

^yS-uiaj j /Ji 23 i ;_5j laj :.>i 1 •■<*> S~\l" Ml /— 1 jfl p^-<-»"tl ^jl^ p^ 1 ilSj ,j^~~' a * 

C)^(L>J, I ^, .. £" JlLa-i 4 I^aJa 4 I .^.A*^ $.|jj>.| Ml j^JVI p^~~ LSellll f^^ic- p^' •■"' (j^-*-) ^ p-u-oiijJI Ijubj 

p^~* SeHJI 4jjJoj (j| J^— > igJl ljuk J^-a I <>» il -»• 1 aj ' J ^ J^J .U", llj 4_l12jJIj a \j l^ill ajJUJI A_ Lg-al Jiir" 1 nl 

aj^j Information theory cjU^lj,! aj^j Theory of automatic control ^Lajj/Vl 
LuLi dUjJ .^1 p^ — -'i ^^ ■£_ ^l^Vi jj^ jiu: Theory of algorithms oLLajjl^iJl 

4jlLa2l i^yOJi ' 4jj/IjJ x_a (_yiVI p^~~ LSellll d) I a a la * a 4_ij/IjJ (_yic. jj^il ljufe ^_ LLoLiIl4iI j ^— >j i i_aj 1 u 

.5_u_u JlLa ' ~ aaia-U 

{Automatic control systems ^JVl ^S^tiJi uU^Ima - r 

j_yLl ' " < ' ^— »j /jJ-I' CjI JulXIj Sj^>-2l £ys icjjjjsiA ^j^- 2jLlC L4JL1 /yJ^i' p^--''-"^' 4 a j la * a i—ajjjtj ^j^— 1 ) 
^_ 'LaLJI CjI^-l<TlU J* : ~— ■ jl ^j^« ' (jr^- "J -' "J p^—''-'*'" Jj * : ~- ' 1 ' daM 4-LLt.o A^j^JaJ 4_luJlI^> a I mi i a 
OyStem ^ i nL-u^ll i—SJl-JI j^-»."n ^a>J 4-lj inTa 4_2jjJaJ puJ Sj La-i mJl aJJkj .a I MiiU ojak 
I juk IL. 4-ajLJeluiXI 4-ilaJI oUaiLa^ai ,1 p j*"*' ^^aJj 4 ^j la - 1 , 1 ojuk 4JL»-I (j-a Cm-a.ua i^JlJI ODjeCUVe 
L^-La J^— d jj>-j-a 7~j-ui /«-a icLLuaJI ^_ aI-LJt" i nzl 4juLi '"'' aaJa-ULI ^j^» ' (Jb La-L2 Jjjj i—S^u (JLsJkl 
4jJjj^>iJ 4j3jJa_La Ml ^jLil Lkljlbta ^j-a C)l aaJa-Ul <Jjui> Jj^jso ^j^— » ^ ) 1 ^'^^~~' Tt-tijJ i_3j^u pu (j-aj 

' ** ^J * <'-' 1 -^ piajt-a ( _ 7 -l^- ij-iia-ij jL>^-a I Ju-cj (J.a-^3 3 Jjs-j-a 

_ n _ 
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I^-JLvljltl (jjlj--*-^! oL_=j_*ja <jljJ-S 4__j__u _L. p_=___s_JI 4 a j la * a ^ ~ Y 
4_Lj__u i^_ jjJuJI (J-uLSj l -i~^>- (Jj^ ^Jj-=e-a 4__j__u _L. _-JVI p^-.-»".tl 4 "j la La (j-^ (£~ W J^ ui 

Centrifugal sensor 4_ l j__ => i,i e _>jU__!i s^l _>____! J^. <_u_u ,^0*. j.^v aI^i^ __!j_>_U 

4-LllU 4_l__3^| 4___|jJ| <jj>-a q£- (1) p^— -3--JI aI a uaJ 4___a__,l SleCVC aJL>JI i-iJj^o (jl *-lla2.<_iJa 

__M p^—-»".tl A_a-__> j-<__ 4_i___i_i_jj_uJI 4___a_a_>i,l _L. OjjJI i—il mi m 4 aj la ' 1 , 1 tfjub _L.J .<J-=l__l!L> 

^1 Jj jl _Li__f Jl (jnj^-iil l£]j_*_ll_ Hydraulic cylinder (2) 4" i ^ i t iJ j 4r ll *-ljU.«Vl 

0jt__ Qa____3a . J>_a_5_aJI 4 ■■»- ,>,a ?-ljj_l 4 1 i -•*" 1 1 4 ii i all 2_Uj_>JI *-l_>J J--*-* (jr^ 4j__lj_JI «Lta L_=_>j_x^j 
Jjuta <j_a (J12j 0_>_il '2— 4__j_j_>J,| i__!j_j_j_ 4 J a LLaJL I 4__j__oJI ^£, _i!j_>J,l 4__j__u -_olj Ijl d-po 4-=_ij_>_i| 
4 Jj liai, I 4-lj int I (j__ l_Jj_>J,I 4_Lj__u c_J-_ La Ijl 7r._pe.Lo ( j__==___IIj l_Jj_>J,I Jl ,J_-| jj| JjiSj-l l__jj_i___ 
4__j_i__!Li L#JjL__ p3 i__!j_>_U (jljjJ-t 4_lL*__!I 4__j___]l (J_/Ll_-i ^j__>JI j l-lL- aj^-i 4_a aJa-Lt I oJ__> _L.j 
p_==_____ LgJI jl j____L_JI I j__> (jr-cl 4r 2ja_fc-J-»l 4_j^aL___!l (Jj>-a (j_l S-iLc l__j_ aJ 4__j <_JI tflukj) 4 Jj LtaJL I 
J__/j_i pi) Xi_=j_5__il aJL-jeU ^JljII *___3_aJI L-jjJlJ _.J_>J _-l!lj L_Jj_ujJI _L 4_u_uXI J__i___JI ajj_ _L 
_4__u_>j jj^a 4__uL_La 4-__>JI _4___}j_j_jj /-ill 4_al < -XI (____ Li_b I La as 11 sjLil) 4_Lj i all _L_ I La as II sjL__rl 
-ijJSjJI L__Jj__a_ Jjuta l_UJl1 j-l-1-3 4_l__5^/I 4___Ij_JI (JJ>-a (j_l 4_j____jJ jj _U-J I 4__j_i_>m ^J\ (^JlaI,! 
4jjL__a 4__j__u (__ll __lj_>J,l (_L___1 (j| Jl 4_l__=_ ; LaL_ljJI 4_tla__l I i>J__ j a" i n^j '" J ' ' <_>--' -i (JJ^~-M 

4_u-_-ll 2_Uj->_il 4__=jj>-j 4-lL>J| 4_=j_>- jj^ 1 4_2^LtII (j! 4_a jia-i-, I oJ_-> _L l___-.^_J3 4jal__j, I 4__j_u_U 
4_a aia-Lt I <?_-_> _L- S^^jv^J.1 __tl__a-=-i-llj j-usLLtJI 4jLj__aj 4 a a -=a se a Lj I___-la ^-Jai- i_ 1 1 uL-S 4_3^Lc C__-uJ 
4ie____a _L 4_Lu_-ll 2_Uj->JI p- 4j__|jJ| - 4_ti___ ; t]jj_uJ I 4_ l_aja__/ ^/ 1 J p__=__t_JI >La_--> ~ 4j__|jJ|) 

.(^jJI 
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A,uU^*iJlj4*S;jj!jJU4JI AUai'Sf! A.LUJ 




speed 
sensor 



hydraulic 
cylinder 



eeve i ,1^1 1 




(^la.1 > 3b"'^ ' ' f !j """ >1>L?J N ^J ' " A p^"""-'' ** *jfc»** :(1~ ) )J^~ I 



J^auu.j Controller r k;t u ^ „ , „ - ^lsji I ,1a ijy^ ^^ 4- &>-l^l j-^i_u% Control law 
.L$Ja oljLi^l jj^, iL»i. 4j Ut^^a Block diagram ^aJaVU UiJqj iuua.„ j^ (i- ^ ) 

•L^J'J^" cJ- i '-i La 'jl^* - *^0^ 4r («^=^elll LajJaJLa Y - Y 

<L>-lj.} ^_ jjJljJI (jj/lJL) v^~p>- (_^jIjj>- (Jjl-La 3jIjj>- <^>-jJ 4r p^~* "*•"'" ** "J * a L^- 1 \^ - ') J^"""* '"' 

Sj_Lala gjit jl>.! 4_ j^j-^il Resistance thermometer LajUil >L°j-a>3 ik^i^j <Gjlj^ 
^jd^-. jjj^ji ^_>Jl lJiLo jl ^jlju fu Voltage amplifier ^J^j.^a aa^J^ jjjitl j^>ji 

1 La *- II jjjjLjS 4 jl q-g j q" i n"j .(_£jlj^>JI (JjLlII tj\ jLU jlie-JI ' "'J "*■" (JJl*-« ^_ p^~~ ■->"" ' AJ-S-l jj^al^ILa 

^_ p^~~ ■-»"" (<uj ct^os* ("j LaJuij| a A-ajUiXI ^Lojjsjj) ^jjLailj (j n>ll < ua-l£ 3 La i ul aj ajlj^>JI i>-j-} ^_ 

Ar 4l>.ljJI j^alltJI 4-t-Lila o.}Ju>o i>Uu9 Q^jLSJ LauJ ^jIj^kJI J-iLJJ (JJ jUI ^Lit-iil ■ *j "-»" JjuLd 

4 Jj I La 1 1 <L>-jjJI JJ J- 5 ^' ^j'j- 3 *" ^"J- 5 J""" (j* oU (j 6 -^ ...i-iJj^>JLl ~ i-ajLiU) Lajlaiil pj-^ <^>" 

,4-S-il i nil £^a aJa-Lftll /, Ajfojtl Ja.La.3eJl I l^-aJ (0 - i ) J^~* '"'J 
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.Uintl bridge 



amplifier 



s^m 



J*^J! J 




l_£jljj>. (JjLijs ajljj>- <^>-j-S <4r p^~"" ' 4 < J " * " t(0 - i )J^~* '"' 



aalUtl ^JLc Jj.-^-^tl J-j.} ^ 0-ajLJr"iinl La ! j! Jj^ILti! aJLjJljJI jjLuall «_*f (j-* 3 ^diJ-^' iSLLaJI j-tl<3 

(Reactor (1) J^LUI Ji.b ujjj-^ jUa-^VI 6^ .»,r». pb^aJI juJjj olk^ 4_ ajjI>>JI 
,2>£. Jjj i nt, I Boiler (3) <_L>.j_al! 4jjIj^>JI ^aiuti j,i ,^ a j q m,~ t-^uij^i ^jubj . (2) J-u-^jj t_*-uLj| 
^J j^j^- <>a (7) oiiri^ia icj^taj Condenser < *»:£-*«■ xi — ij; j^^' j^j ^ (6) LuLj^^bJI 

tj-ij 4_uLiiJlj '(J^-j-^'j (JcLitl t^Li (_^Ij^il ".tjLjjjIj^*- tjLjjjj J^j^ 4JLa ^^— • uJ\ '£— Cf^a jjt, La-^=j 

CjJljjo ^j^— i la jj>-2l jj^l LaLa-i j ua.aJ ^ (j^jJjJ' (j-uLifc ^j-a u^ 3 Ar (J^LjlJI Ja i "j"J <(j-uj_alllj (J^-j-l' 
oJufc (JjJLiIij ^_ LaLfc IjJ-i (jr^' f^* i ~"^""'M '"'' aa-Ia-ii a (— <-ti3j .(Jjj-jJLI <_)i»-b lLs ^ a (_£jIjj>. (J-iLu La-^JLu 

dull * i'i^I < i^ i n~ irc_LU (jl i n t^l oLl>. (^yic /— 2xa3> >Iq3. j J l<3 ^ (JlLaj L4J2 . -"A U -»■ 1 1^ .-il ^jU't I 

. H . 
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cJiijil jLs:^ J^-juj jl friu-,,.i ^jji (Robot cj^jjjJI) ^Vl oL"^ 1 4- 4Jiu-« ^j^UI *^M 



j^tai 



jljull 



z 



Heat carrier 



Reactor 
1 



STEAf 



^ll , 



UrbiDe. 



J*>* 



Boiler 
2_ 



4_Lu;aItJl 

i i 




■ — J Ci pnp ratnr 





c^j-4^ 1 ^' 



Pumps 
7 



4ir i'n\.\ 



£aLLaJI Jl-lIjj 4- ^dLSL?-^ Cj>LlLaI,l aljiielml :(V ^ )J^=Lji 



^ . 
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R 






Amplffia 



Hydraulic 
system 



Tacho- 
fierier. 



Reactor 



Power 



Ion iz^tion 
chamber 



(-0 



J** LaXl SjJiJS i_oJ3jjJj .4jjj_lJI O^LcLaXI sjJJ9 i|_ («^=-SeliI J I p ^- I >d 4_«jla-La (^-^ \W~ ^ ) J 1 ^ u<J 
1 ^ i^l , ^.". ^1 4_^_pj (ajjjIj^jjJI) (_^jjjJI J>jj9jJI CjIjJ jj-a OlJ^j^jjJI jl La ■"■'! (JjLta (_ylc (_£jj-Lll 
pjjj .(^jM^ J! (jlJj^J^j-i l<j 'f j Vi i"i ijj IJl>-Ij IJj^j^jj Sjj (J^= p (j"i I" i«L_j-».) (^J^l »J->- ^ ^ JLHir!-^ 

(_^3.QlTllUm Aj-uajL^aJI (j_a sJlaC.1 J-^^J LlUjj CjIjJJI 1 (j o (j"i I" (jl (j^~"lj <jJ-M ^J-^' < - J ^JLHii^' 

lij i ( iv- J^=ui 4- (jr^a j^i, u^aj .i^jjiil jl U .ViVI ^ p^j ^jJI da^l Ji.b control rods 
J!uj j^j Jonization-chamber ^bJl 44^ ^^-^ ^j-^ 4- f^ o^L>- o^°- j-^^ ^u,,,!^ 

ajJJS £_ lIUJl^sj I j '^ rjL>JI Jl^j>JI 3j-^ ^i^ 'Ar p^~- ~-"'^ p^J ^rF*- Uj" i ""j3-^> "J La * a fjJI Jl>-I 
Jtl£.j J** LaXI ^J-C. ^j^l SJ^AJ p^~~ ' "-" 4-Sj.C. 4- ^-J-^J-* -CvH aj-LAla 4_«jlJLa 3 La i ul aj (_£jj-LJI J<* LaXI 
L^-i J^-l>JI (jitxjj) Jl^j>. (3j-^ ejLJu! 3j-La-L5JI ^j-a ^J-* 1 - 1 ' * a J ^ tfJuk 4 La i ul aj 4 la I La 1 , 1 3jJl2JI daajLa 



^ ^ 
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Amplifier (1) ^j/^ti j^=^ ji-j^ J! (J^mi L^k^ ^1 aJLlAji Sjj^Ij 4jaiLail sjjoil 

a La-t^aJ tcj^-jLIU ' . ilaJI 4jla i_*Jj_»-i2 (.Z) i—oJLa sjl-S2 4_t3L^= »J^ Cjlj sjLiiJ iy La *_' (jl * J ^"' ' "_' 
*_iisj ^_ p^~~ i-Selj| plb lLUJlij (D) A-L^aijJjjjLjjii 4JI ala i u| jj •■j' : ~~' " ojjJlJ lLIj^so (_£Jl!I (j) ) _ / ^— <^^j Luh 
(_^sL>JI ^ AjU»jtl , U U ^- 1 1 ^uj ((_jV - ) ) J^— uij .^Jj-Lll J^.LiI.1 ajJJS IL. (^JLlILlj .aa-LaJiL^aJI a Jl^cI 

. 4_aj l^ i t, I oJl^j 

ct^p> /<s^=i^tlll 4_LaJ9j (JjJl^uIII CjI_Ll^=Lo 'A- <jaJ*2e-LuuX\ p^~- **"'^ diLajlaia ^Jl^-J lT^ (A - ^ ) J^— • ui 
' < Sj a Jajj-ilu JjjjJa j2>C (ijJjjtjJ.I «.j_3tD 4 'j I La I , I CjLuI Jl>-^( I (j-&j) <Laj}LJ' di Laj.Lt.lLi 4 aa la * I , I ^JlslIj 
(<uj 4 "j la ' 1 , 1 <>Ju4> ^_j . LJlSol ' ' j I La 1 , 1 CjLajJLt.U «Ltl£. (_L-a- i u a „ ■ U;Ual *» a < t-> i > .". j| 4_Li.t.a *j a ifg] L*_u 
j L^qjj 4-LLt.a t^_y±>- j-t-aLuu ^jj/Loj (_pJ'_J tiJjjtiLI «.j_3tU 4_JLtiJI CjLuI Jl>- 2U 4 la I La U CjLuI Jl>.2I <UjlJLa 

oLsol ^_ 4-i3 p^~~ '~-"^' < ' j I La I , I Li!jjejil «.j^>JI <L>-ljLi ^j^Li j^^aLi- tiJj^ta Jl (Jjj/jj pj I U -L 1 1 ajLil 

' lalLaJU x-iisjJI Jtlc Ldj^ejJ,! «.j_>JI lJlSjjJ (j| ^Jl 4_L,La-tJI o Ju*> < o" i n"j LLaiJI ajLij (_ylc ' d a j" ' tl^-*- 
. Jlxj La-L3 -LLlL>oji «C"u_uIjJli ^ j; ^ ' (_3_ojjjJ i _ r ii>.!^ a Jjj_a <UjJu jl i n a 4 a a La * 1 , 1 oJufc <^_ Jl^-jJ 4JI i La a. ^1 j^ 



^® 



L ~ 



reader 



ampl. •- motor 



\ 



tacho. 



T gear 



- — +- 



t 



slide 

7~ 



sensor 



information 
carrier 



(CNC machine)4_La!jJi Jjt.v.tl oLu^aU oLa^j '2- ^^~-.ti ^a^Laia •. (a- \ )J^ ,\ 



4-Lil ) nil '"" aaialXl jj^l I alljo (-Jkj .CjLajialil ^j^a fj-Lll I J*J /, ^j J Jaiai&X I ^rUJ (* - ^ ) J^—' ■"■ 

p^~~ '--"^ j-Ltia 4-t-iTu (ji (_o.j (j 1 -*-* jp'H^ (J-a-t-i ^j-^j "ro2ra.mmer 4^tajjJLl jL^>. L^j j^>-jj 4ji_i 

I Laj i " ' p^alJ^jJI ^jj-~~ ' ' LjJlIc aJlJt" i n"ij 4-i^3ljj L^auX I I j * a 4^e^j_JI jjjLuuj ^a S_^l'c==) ptj-il Jls»*jj 
L<^a ( lalLa^a ^.auj-i j_gl j-^tiLJ <^_ ''JjLa Cj Lu Lf==>_a Li xILaTij (jr-^J 4 j a ^jJ I J 4_u^p^aJ^(l I j * a >9 < 1 j 1 1 u 1 



0, ) lSju 4j>. O CJ_iLi==) 



^ Y 
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programmer 



h%~ 



controller 



plant 



outpu t 



/j_a^a (_J I p' : ~— i "*- ' ^ " J '• v » - 1 J^"""* '"' 



: (jJ V I ft&sl* I u Lignum Jp 4<.L-i'uJ I Aiiil I u LfclkhJ, I - T 

a la , u| aj I j'j ■ o ' l j^-— i o ' «LJI ^-ifc 4-S-il i n II ( " 1 1 a j la * i 1 1 1 i" i iilj-3 Juu 4-a-"i i" i u > (j| ^)^~* ' f-i~ u» p-ifcl qs! 

.rtu-jJI ! juj. ^jj ( > ♦ - ) ) J^a <!«j .Feedback 

(disturbance ^Li. 
-iR 



final 



set point 



■W) £ 



J^jJi 



contro- 
ller 



control 




(^■j^ 5 - L^ir^ 



-m plant 



element 



Controlled 



var 



iable 



censor 



feedback 






o^»JI 



Ujjii jt External disturbance (A,) ^jU- <_Aj>^ Plant o^jjjJl sLiiXI ^ jjjj Ujj^ 
Error (s) tki. SjLil jjjis cis^ <Gpa Reference signal (r) i^lkil SjLi^l a^ j^d 
ij^ikii u^Jlj Controlled variable (y) ->^~-.ti j: :-,t ^umi u^JI l^> 3j^' J^w signal 
(a) *g — " SjLil jrlj^Li ^^l^ Controller ,<Ja_ai Jl (s) LkiJl SjLij ^jljs iiUi juu .(r) 
p^u^-,ti j; :-,t 4-d.tiJl a^rttl £_l*_^s3 ajj d-po Plant ^j^^n j^ {^^^ Control action 
t^k. <u_l«3 (j^-iflj *- J^-i*. 4- u u«t,i Block diagram u U tt U^all p-^jJl o! ^p-j 

(_yi>- JL>J.I I Jufc 4r- ^J ' 1 " < I -»■ 1 U 1 ^ 1 1 ^j-^* ) ^yL Lj_l3 -2J3-! i_3^u i_LJLJ3 j^JVI p ^~~ »-3e2ll CjLajla-La p IaJi a 

pi sella L<aJU £>JlA J_y3 ■»• I U , ^ a J^~~ ' ^ JJ^t-« <* J j a a Lij jJ jj-LiTd 



>r 
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U^= Controlled variable (y) p^~-.ti oI^-JlUj ^^-^ qI^lU oJukj U^jJta J^=- 0^11 1 
|j jj^' j_tkJLi)External disturbance <^jU- J^£ j_uLi cu^s ^ <j1 j^y i.^^Wj 

p*~~ '--"^ j ULLa 4.a-i3 JljLso (jl ^r '- ' " ""' ) (I^tOCnaStlC Lplj ut£. jj^~~ ' ' La LJLcj 'LtS 1 \^£.j-a jjlC jjA 

j^JajUl 4^j>. (j_a L#-J! (_yjLj (^j^>-l 2jLi' J-<3I-J Caj 4 "J' : ~~' >J ,1 *-£j i^j^>-l <*^>. (j-*_J •AJftilaXI 4_a_ui]| q£. 

4- (A,) (jSua^iiJI SjLi! ijc i M~v; SjLi^l * juk j^'j Control action (u) p^-»-ti jjLii ^j 

p' : ~~ iLgeltJI j LXJua 4-a-La ■'j - *'^" (JjLso L#j| (Jl isLiis^L) p La ' 1 , | (_Ll2 (j_a (J-Ula (JjjLSj 4_ij i u Tea ajLij Lgjl 
I golg S_p|-tl CjljLi^lj 4 "j ^— i *- \ I (J-LLfl-l - 1 J^J^~~ ' OV" 1 ( ' ' ' ) J^~~' uij -(_>"^_9 mill sjLcul ,j ..^-»» > 

Idisturbances ^^j^ 



control 
actions 




p^-i-ttHll cjljLil 



•^controlled 
Variables 



T* : — uelll <JL 



\j^a 



<Las 



^^p^ioijUVhcn- oj^u 



( j_ u Ll3 jl ga. 3 La i ulaj I j i aLS t^j-h 'LJLs i i j I U 1 1 <La-u2_!L) p ^~~ LSegJI j JuJj 4_lLlo]I 3 a-i-flJI 'UjLiLa pjj ^_ j i —- d 
^_j p^~~ »-SeaJl j '»"'t 4_iitflJI 3 a-J-flJI j '♦"" LLaj^eJLa l^pG^pQj oCnSOr ^j "**- J ualg (_yic- t^gjlirvj (- i i iiLLa 
yLJuz) j^>-\ po-l (Jl (j n"*i ll VL^a-LC (j_a 4_»-jL>JI ajLiijfl f^l jjjl! (jl (J| p i I a I , I yLijvJ (JI_aJ-VI (j^a^-ill^a 
LiUjJj 4 "J La ' 1 , 1 ■ "il'i^^— i a 4_*_u_k> x_a 1_ I I nLu-l( 7cJ l....4_Uj^^s (Jj <Lj^3t-LlL^3t-lXI CjljLiuVI Jj^jso 
<lL>-I jJI ajLi^fl pjj (_r^- ^ *JJ^~~'~ ' * a j" ' J L<aJt£ J-^J 1 TanSQUCer ajLi^l (Jj^tAJ ^^ni La aJlJt" i n t 

.4ia <L>-jL>JIj «LJI 



^ i 







(JlJI 4j9^L»JI -SJ^J (j_aJLi!l I jakj (_/OIltrOl l&W p^~" ■ Sel!l (j>^ L? " ' "J D"*-*-" (JL^^ (J-* 3 ^ j^-4^ J-* 

pfc>-ti L^-j^o jji\ Control action(|u) r ^~-ti SjLiL Error signal (8) LksJI 2jLil J^ji 

'UjjIjJj 4_<ijL9 ajLui J I 4Ja-u a a d ^ j . ,->" ^_ r-Qjsoj p^— »-»"tl <Laa.Ia.La CjLJ_a^=ua p-Al £ya ^Ja-Ul j-uajj 

LiLlAJI 4-^-l2JI 4Jjl l»j a_^5j Comparator ijjLia C;r JLi (jLl>.^i ^ j-t^ 3 'Ar c ^ * ^ Ja"^^-^^^ 

oCt pOint SjLfu^l Ja-ijLa j I j^- ■ ^a i n< La Jjjj^a ^_y£. p la * I , I (_£Jl*j (_jjJI 4 lallaJL I 4 »J^j1 ' p^-.-»"tl . ,»"t 

.device 

p^~~ LSellll j <»"»* 4.a-i£ 7e-^Se uaja ila-nJa ^psjju 4 a a ^— > *- 1 I ( _ T Lt. L^jj-oQJlj p^-.-»",tl 

:aJLoa1I <La_ala.Ll I J 4.a»j)*irtU 'LajkiU 0~ X 
p^~~ Lgelijl j-iATlI, 'UiLlAJ! 4 aa^JI (_yLl ' j^ a p^-» •*■"'" SjLi! lJlSjjj V __jjJI 4 ^j la 1 1 , 1 ^jfc 4_».jIL<m 4 ^j la * I , I 
j-iAlU, 4-tljLflJI 4 ojiitl (jyic ^j^-Li jl ^^^^^~- ; ' "~*jj~'~ (|Ll) p^~- **-"'^ ajLifuj (jLa 5-La-SJL I 4 *j la * 1 , 1 '2— Lai 

:«JljjJII SjJilJI 1- V 

|>j flJ 4jj_killl oJlAj.^VI p^~~ LSeUll i"ilnjU)a p^o »^~ ^_ (Jj2 1 (j-uL^i^/l j-pAJ a Jjjjj AjJl*jJI 2j^=l2 (jl 
4_i_ujLLa p^— "- ' 2jLi| JlJJu><J pj 4 ij I u-> t I 4_a_ui]u p^~~ LSellll j.iAlU 4_UJLaJl 4 a-tSJI iJjLiLa (jj/LuJ i _ T i£- 

AJjliil 4_JLa^. ^ l>jlliI Error signal(s) LkjJI SjLil La-La ^jLc ^j^>>tj jf 4^^^^^; < ^y." 

S_LJ^JL! 4jjJl1!I AjjJaj (j| uJl>.jJ LxiLu LiiLLaJ^ (_P-!I '**" ajia-iJLI )>_Laj>- (jr Lc- ^J-^-> Lj-j-iU 1 I J|j.'U2jL_uJ! 
a ai\\^,'ia /<u-ul 4 "j la * I , I ( _ T Lt. jltt 1 V 4JI (^Tl>. 4L1J2I ' - ' I aaialXl i>_Laj>- (j-u p t^»r I L^=^" i"i a Lv-ul^ (_p-4-> 

p^-.->",tl jj«"t 2Jl3jJ,I 4jJl*1J| "j^— *« L^-i£ CjJl»-Ijj lil VI ^t7 p^—^" 

:4_ij>.^ilj 4_JLaJI eJtJ^i.1 4JJJL1JI V- V 
i^- aJ^J-ll AjjJuJI (jL2 4ja Ua 1 1 4 y<H (j^a p^— '--"^ j '♦"" 4-a-iS 7"J-^ 4-Sj| . nil 4jjLHI 4-il ^^ (j£. Ttjj Ijl 
jj-daJ^JI fjji^a (JllaJ (jjLail (j^a A^»-jL>JI ajLfuVI OjL^= Ijlj AjJLjj ajijj^a 4jJl«j /- a i "1 iJL>JI iJjak 
4_lI1 i nil SjjjJLI 4jJl*jJI AjjJaJj (J-a-*J (_ 3 J^'' p^~'"""'^' ' - ' I a aia-La i>_Lai>-j .4_L>-j^a SjijjJLI ijjLtlll (j! (JLitS 

.Error signal (s) LkiJl SjLil ^L-ul J^ Ja^ La^IaJUl ^1 ^i 



^0 







*S/ijk:tl !9 : t'jtl 4jjJ&]) jl ... ^j ^a| Wl jl ...t| A- X 

Lai i p ^— » -»" I 1 jjJlLo J I J LaJ (jl J I LLai»JI sjLiful (j>J I Jljj (_£JlII jl i aJj jjb A^aala-iJL I 4- (—aLaVI j\ i aJJ 

.(jjLiil <_L>-Jua (Jl p^~~ LSellll j Juj4 ajLil (j>s IJljJJ /, ■ ..^-»» n jl i all _j^2 SjiJj_tl 4jJl*jJI jl i na 

:Servomechanism sjjljil tdVl ^^kui \- r 

(jc j-Liyij 4 a j la * a 4JI zl 7c_Lre.Lg> lji_£>j ^l p^— <*- ■ 4 a j la * a 4JI_i IJLl>.| pj>^L) '"'' aaJa-UI (j>s pjj I Jub 
p i »->n x-usj (_p-£ L^j^LiisLij jl S-t^a-LiL^ai-La 4_La^= j-£> L$_l3 p ^~~ LSellJl j-Ltla jU J^j->- VI '"'' aaJa-Ul 

:Objective functions j^ I ab > •- r 

i_3Jt-JI p- 1 Laj ajLcj t 4JLlIL>«j (_yic (_>a-<3 (j-Lta i_3Jub Jl>-jj (_yJVI p^-»-»-"n Cjl_ajia_La (j_a ^aaia-La J^— d 

^Objective function ciu^il ilb ^^^ ix^Lj lib sjj^= 4- ^y^- 1 ' 4^^»j jl c_^>o ^jJI 

j^— » i ' M^-a-9 . LJ ^-C a-*^> aJLI L-fJJuJI <Jb 4 fcj Jaj pjj Lr^~ L$jLJ^^=3-aj 4 ^j La * I , I p^-t i*aj I * a j" ' » ■ U»tl <j 

( j^-i«i4 (j-aj Jjsf 4- l£>^ ^^ c^l ^^ £y* Pl^Ht Laj^-i-st,b JLSjJVI ja t-ajt^II SJb (jj^ 3 ^ u^ 

.7cJI...(j^=ua-a I Laj» (_p9L->J 
p'~ l ~^"^l d)Lajla_La jj^sLLcj CjLJ_^=La (JjILajJ (j-LmJ i^U (j-u Uj-dg i_3jLtLa (jj-* 3 '^"J-* 4JLa I a a o<*j 

J\ 4o,„^a Sj^b j^j < - Jjj^JI 4- cruJ.1 >»j-1L> Comparator (jjLiaJJ j_aj_j Miu^ ^Vl 

Lai) aJJJjJI ajLiVI ( _ ;r Ll (^J^>>J (jl i—cjyj (_jjJI 4-uisLjpl 4.iLy*]| Lg-La J^— ( _ ;r Ll ( /"^— ■ J pi in^i AjljjI 
CjLiLjjlII uu (_ y 4i jj^~~ '"' «Jl>-Ij SjLiful «LLa ^jJ>oj j <^-»l j| SjLful (jjLHI (_JI (_U>-JlJJ .(/«-4->- Jl T'J-* 3 
j^ 1 — r'" A «j La ' 1 1 4- ti>^VI j-calltJI Lai t 4_tll aJL>-IjJI CjljLiVI (jr Ll (jjLHI L^J p>5j (_pJI ixiisLjpl 
CjljLil «LLa r-jjsoj 4JL>-b pj'.'l 4 La i u| aj dJILa-a CjljLiVI ^j-^* ) 4jJI (_U>-Jlj (_LJaj ■ u-a 4 La - u| aj LgLu-a i 
j Laic (_^j (j,!^! ^p|J Lr^ CjljLiVlj \\~ \) (JjJl>- 4- O^ 6 J-* I i^" - * <La>-jL>. pj." 1 ' 4-CLa-a (_^jj>.| 

^.jUJI oljLiVLi ^ o , „r^ 4_La 4^.jUJI oljLiVI Lai Jnput signals aJJJjJI oljLiVLi u o , „-< 

L^j-i (3^- (jXii (jJVi r ^u--ti oLajiai^j L^UJi ^uiJajJi oUaJaiqij Output signals 

CjLJ^^=J,Ij j_i-aLL«JI (J-LLaJ ~ A ^^f-~ ' O^ ( ^ * ~ U J^~- ui 4- LJV^' (*- , ' JL i' L3 ^LaaJI .UU^-tJ (jJJ Jl^=j 

^ajta-UI 4- 



u 
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Element 


x+ z 
— >(&-> 


r 
.v + I + z 

T-y 


x 




y 


w 




hi 




/forj 






WM.t)] 
















Function 


z=x-\>> 


z = ,v+r->' 


y=#MJ 


fy]=If(M,t)J 



(_p-<J-l 4 "j La * I , I ojufcj .oj3jX\ <UJlslL!I jl i n a (JUg-La rl j <-■«*» tl Lai < 2 ^ j U * ^ 1 1 ^.aLa 2l jl i all (_p-<J-> 

^ya jJ^cTlj 4 a j lV( 1 1 ^jLii La 3 u->rt t ^_ » U"i jjs Sjlj^JLI <L>JlJlL!I jl > «« (jl LlLJvj lj>| Lai 1 3 lAJLa j' n^u ) « 

.Opeil-lOOp SyStem 4^-jI^a Lajlkia JJ r^tTp^^" A-a^lo ^f) aJLLLo A^aaJaJLa 



*— >& 




^T p'^-— *-" 4-ajlo_La : O Y~ ^ )J^~ I 



w 









jmrtftTtl 

"i£liyJl\<)'i&l£±)Ai\ AUai'Sf! A.LUJ 




t^^ 2L^=> ( _ y Jkj (_yJ^i ' C*~~' """'" <-l)LajIi_La A- 4 j i nLm^/l till ^j i ..^"tl ^j>.« > (j-U-J ( \ X~ \ ) J*— i ■"■ 

Analogue u o , „~ LiL^lj Continuous data systems SjLiVI u^lji* ^UaI*La J! pi,.s~ 
< Analogue computers ^Liuni Lujp^J^l oL^lji j\ ^lojLi llUjj data systems 
£x«w jii.tj SjLi)?! iJLaljia .-.UjU,;ti £_ 3 .Discrete data systems 2jLi)?! Lll^u ,-.i*jU»;*j 

^j^" ' ^jLa 4_uiajjJI CjLajlajJtl ^_ Lai ^j^ajJI x-A a\ ,^T, a (JljJ J^— i ■"■ 4 aa '-^ * 1 , 1 £— ajL>-l_aaJj CjljLi^l 

'"" L^a-ul sj^us Jl>-G 3 "j La ' 1 , 1 ^_ a Jl>.|jIlL.I CjljLi^l (J^=jl 
4 nj'X', * 4°JL>JI oJJt JL. 4 aajaJu I ^ a i n'ij Ajjl i n" aj 4 ^ U,". '< a Cjl^!l3 (_ylc (ja^aJ (jl Lai ■"" ua uJl oJufcj 

5JU ...,.!->. ixaiaiil 2_ j^!>o V j! j^!>b (j! Lalj £ Sampled data system ^^i ulaiLa 

jl <J-a-*J 3 aaJalX I (j| (_£l Vjn-OII SyStem .j'-j*" 4_ikjj_ilj ^ "j La ' a 3 aaJajLX I /- a i m"j p^— .-»",tl j-LtLa 

p*~~ i-SeoJl j-LtTuu <U^L>JI (_3_aj_laJI '**" j < V'** um> JjuJI ,jx. i ,*i'jij""i 



control 
system 



f 



analogue 



discrete 



r 



sampled 

d at a 



en- off 



open 

loop 



closed | 
loop 



_£ 




* 




j 




1 




optimum 


stabili- 
zation 




program 




fcllcwup 
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adapter 




com puter 
control 




optimiz- 
ers 



t , t*Vi p^— i -»"tl <~il -ijul^ p j . .."> :( i y- 1 )J^~~' '"' 



U 







♦ a aj u ' 1 1 p j ^ / V> a »j iUl L*jj Y - £ 
(jLS 3_G^a 4_ijJu Jl>-jj pJ I jlj <\_Liira <Laa.La.La L_jl _jlJLi3 SjG^a AjJlJu jl i .1 a dlli 4 a a la * I , I 0-iL^= I jL^ 

.4_u_oL_o 2 I CiLLi^jtliJl A_ tillj j^=j t3." " ~^J 4j>-j"i li a «La alaLa /, a ' u3 4 a a la * I , I 

• 2 a j fcx ', t I 4 iijl^jj L«JJ Y - i 

: iiiVl Cj^UkJI <L>.l_aj (jl j, <==* ij j 

:jjVl iiuji \- r- £ 
4.a-t2Jl ojla ^JLi3 ^1) ^=l^hi j-^lU, Reference signal squall a^JI 4- j^ 3 -^j^ ^ LaJ^ 

4 y<H (Jaaj (jl jj4> <UL>JI ijjub £_ p la * 1 , 1 4 ^daj jj^~~ '"' a (ajjLj Jk" p3 Jjt iVitl <jljtJ <4- ^ajia-LaJJ 

4-LLt.a d)l axal a a *_iisjj jLp*VI (j^a j_o^= ^_j 4 la I La I , I 'La_uiiJ 4-SjLLa a a <UjLj p^~" LSeUll ^.iJil'J, 4_Jjui]| 

(J^Lij (j^-i o a (j-aj (_p9l 4- ^lijl^jJl ''j^ t*J^} £)' ' i t!^ 1 p ^ i t, I (jl <JL2j (jl (j^~> <1J M^-a^) <Laj V> \ t, I *IjV 

.Stabilization SyStemS <j3l_9.ll CiLagJaLqj CiLa aJaiJl l ojufc Jla (jr a^ U 3j . jeJL.tJ^** ttaa* 

tijulSJIilUJI Y- Y- £ 

4_djLaj| 4_-a-LiUI j-<-tTi3 (j| 1 <j I La a _jj^— < ) <UL>JI <>Juk 4rJ' p^-»-»-"tl j-<-tlU 4 la I La U 4 -v^" j-l<Tij Lajiic. 
oJufej (^j-Lta 4^taj_i jL_^>- S La ■ ul aj 4 a a La * I , I (_£Jl*-I LaJLm i_3_aj_ta rTOgram ^aljjjj L«_i3 p^~" LSellll j ulLv 

^aUI |juj> 4-j Program control systems ^jA\ ^1 p^~~ti oUgjaioj ^ , ,,-< olaaJaiXI 

4 nj La * I , I «.l jLi 4_caL>JI d)l fljLal aj ,| ^j-^* i x_iijj (jl _j^— » i i I »>»il 

rJSJlSJIilUJI V- Y- £ 

(^yjLajJj^l (JjjLlSJI aj^>-l (JlLa) LaLm <La_ajJL>J j-l£. 4^jjJaJ (T) j-Ltlla-U 4_lLloJI 4_a_ui]l j-l<TlS Lajtlc 
^_ j.iATl?I /tjJJ (j! JJli < a a La * I , I p ^ -i L<aJ _ys i _p3jJtJI ,jj^~~ » ' "i-^- (?eJl...ijjL«JLl Cjlj^UaJI ^jJJ CjLajiiilaj 

Tracking or follow-up a ♦ml I olaaJaiXL ola^iaiXl t>jj» L ^^z ^^<y« Uai. JSL (r) La-^s 

.systems 

:i*j|jJI aJUJI £- Y- £ 

Plant 2 aj^-.^.t I (jr Ll Jjjj l""-^ 1 p*^— -»"N J-L^lt, 4jU.it! 4-a-LlII IL. J-_Lt3 _$l LiJLuk jj^-— _' *$ LaJu£. 

^_J 4-ialLaJL I 4_a-ul!l ,j£. p^~ LSellJI j uljI 4_lLlA!I 'La-t-SJ! J^^p- A. (. i ( i .1" \ 4_i^ u^ij^jjil (_^>jL>- _piJj; ifuJ 
jjJLLa 4-a-LS /yic- (jr^J^*'^' (_>"^_9 mi"! I IJlA ^31 (Jjl^J jl aLi^La ^_ pJa-U I 4^jlaj j L^Se-JJ 4jl_>JI oJl4i 
c-colj (jLp-^fl (jxj-jf^a 4_j SerVO SyStemS Sjjljil olaaJallL olaaJaiXI ^juk (jr a-^3j p^-,^>-t| 

.4JjljJLI CjLajiiila Jl dll aaJa-Ul _^a pjjJJI I Jl4> 

_ M - 







ti^stiJI 3A rfJa-Ul i_3job Ug_j-£> jj^-^j^ Extremum control iajlaia p^*^" oLa^laia ^1 p - ■■ 2 ~j 
Objective cJsjyi! aJIjJ l^ Minimum Jaf jl Maximum Ls ,^X\ J\ Jj^yij Search 
(jl aUaJa-UI ^jU-,„" L^j Adaptive control systems ^JShJl i-uli oU^IaLaj < function 

aJlJt" i nlj . VqjlB p^~~ ' •*■"'" Cjl^-LfcLaj a I colli 4_JL>. (. i i n^-J L$J 4 La-LjJLI 4-lLllII i_3j)j_kl]l I. i i n~>- pJJSGj 

^Digital computers WM oL^UJl) Jia L^L^Ij L^.1^1 j-^**j Lugp^jyi oL^UJl 
j" j:j -i^^ (jt^'j (Analogue computers (^i/.^-.tl) SjLiVI U^lji* oL^UJl 
i] oLajl^n,! ^.jub pjo,^ 4. Microprocessors jj,„ i ,„_ 1> jj ) j^-.i,l dUj^=j Minicomputer 

(J^t*. Jl j i iV< (ji l-cJvj Lakj 4 "j la * 1 , 1 £_ i_3Jt-JI 4_Jl.i J^"-" £_ »j 'J^-— <Lij)j_aj 4_JLcLa LJ 7c-;UJ LgJI 
LlUjij (_yJ^(' p^— '■»-"" '"'' aaia-La ^_ 4 A"^-. ^ 4 S^j Ui (_L>ol JJ3 4JI N | J ' .' ^~* aLqTlaLi JJ ' "j ' "_gj 'J)j ^~~'^ 1 1 

La I jj 4_l£ <_>^jJ Liajfj Control algorithms p^~-.ti oLajjl^ j^iJ3 4. s^o^aJI 4%p. 

: LSjLj, LfcLojjl (_joJI (jrl^i' p^-»-»"tl ' - ' I a aia-La p'j-it jL>ou j_^=jij i_3jj-uj .<U.}LiJI CjI_uj/L>JL> (jjj^9 

Continuous data systems SjLi)?! U^lji* oLaaia.La - 

Discrete data systems z+r^fs oLaaiaia - 

Sampled data systems <_P^1 4-jaiia oLaalaia - 

On-off systems o^ui iULp, oLaji^La - 

Open-loop systems a^ll, oLa^kia - 

Closed-loop systems u^ oLa^kia - 

Stabilization systems ^jl^a oLa^ia - 

Tracking or follow-up systems 4*rn« oLaaia.La - 

Program control systems ^j+° oLa^laia - 

Servo systems bJlM 1 oLajkui - 

Optimum control systems Ji*Vl p^~-ti oLa^taia - 

Extremum control systems iajlaia oLajikia - 

Adaptive control systems p&fcl\ u*\ i oLaalaJLa - 



1 . 







CjIjl^Tli-uV 4-a.bJeJ.I CjVUJkl 4- (> '-"--^-"tl oUol Jl^jJ i^JlII ^jJu»JI oUoVI lLUJ jjfc i ^l % $\ a^=la1I! • 
) L»a£ (_p-4-l 3^2 < Cj Luis UjJ I J *-aTL>J, I J (j mil] I frLaig. a ^j-UL^^aJ^uJ I J ^j-U-uJ i(jt, I (j-\_) I * jj" ■"■ 8) '^— » flj < Ijl i nl 

. f3 kJI <>L^=3 

4_u_uJiiifc a I i ii i a Ly-^- ' " ' ' ^~~*J C^ CjIjulXIj 2 j j -*. V I ^j_a 4^1 a-gj^a ^c 2jLlC (_yjVI p^~~* ■»■" II ^ ^ ,a la * a • 

oJJtj .21 MiiU <>Juk A_ ^°UJ1 dl jj-iArd I J* : --i jt (_>^a-*-> ^yic- ^ t-»j / „U a p^-»-»"tl | j^-» a i ^la>J 4-LLt.a ^i^Ui 

4 a aia-iJL I ojufc 4jL>-l ^j_a Q-a-a-La (_£Jul ^Lo VI i_ SJtjJI J) **-"' ' CU_i_>o 4-ij) nn-a a ^ i^ U i pjj aj Laj ■ oJ I 

(J o^* A_ <LlluLujVI 4_i^jajjl ' a uaj p-a-*-a ■ -^'-^J i La La -» a 4 la ■ ul aj Lgljii.a ' ^j^— ■ i ) ^Jl p ^— "- ■ ^«j^i» J*^— ' * 

.(Feedback) 2 j3jJ.I ajjljlLII aj^JoJ ^j otjlaiU oIla 

aj-Sj AjjJajJI tfjukj Cj—IVI p^~~ LSellll ' ~ ' ' a aia-La p j a "•*" 4r- (JjVI ^j^/L-uVI j-p-*^ 2jiJj_I,l <L)JiJlI]I 2j^=l2 (jl • 
jl 4 j^j^-i i ' *aj"~ 4_i^ul_La a^b> ■ 3jLi| JljJu><j aj 4 'j I La I , I 4 a-tHll ' 4_djLflJI 4 a-LaJI 'UjLiLa ^uLul i _ T i^- 

iajiaia p^l jiLj V jil .aJjLHI 4_tia^. ^ L>J1_l!I (Error signal) tU-Lti 2jLil 4-a.Ja ^^ ^j^L 

p^-— SfcHJI JJ*"'t 2jGjJ,l 4jJl*2J| »j^— a I j_.'a CjJl^Ijj lit VI ^yJT p^— *^" 



4_ac 



2jLfuVI J^taj (j ii*«.'l j i^i if ~ 

(-jL^lII p^— '--"II j ua Lg ~ 

i^vajjj 4j]L_oJ| 2Jl3jJ,I 4jjJ»l!|- 

4 a a La * 1 1 '2— 2 JjjJ.1 4jJl*1!I jL^aj (^LaVI jLcuII - 

Sjjlji.1 4_J^I 4LajJa-U|- 

l^JljJI illj- 

a| 4^a aJa-U I A^LilajJ al 4 a a La * I , I ^_ AJLaLaJI SjLiVt 4jt_uJaJ L«_lJ (^JVI p ^~" LSeUll CjLajiaJ^a p j ■ ■■ 23 ^j^— > ^ ) * 

.JlLaVI p^~" LSeUll <~<l njUla 1 .>.<! Ju><j I -i^~~* 4 ^j La * I , I p j i < s->" 4jt T uJaJ 



r \ 






(O^^^a) 4_p»aJa_jjJ| 4 * j La 1 1 , 1 J ( £(_^a) 4_u_uJiijJI 4 a a la * I , I (j-U 4.^=3^ " miU CjI a uaJI ^^^jb La - ) 

iCX/^ys) oj il^sJI «La alaJ 1 la 

S^ VI p^~~ LSeUll '"'' aalaj a ^_ /<uj (_yJ-JI CjLiLa-*JI ^-jfc La - Y 

S^VI p^~- se—i-ti 4 aj la ' a i-3j-C ~ V 

SL^= '.f 1 ^ '^' tiJl 4 1 ^^~~* ' N J i -^ S I , I La - i 

S^JVI < ^-^ ■*■" 1 1 '"'' aala.il puajtil /^LuaaJI iLilaieJ, I p-i-ujl - 

Ij^^J 2(1 < '—^ -*~< 1 1 <La^oia_La ( _Ji-lj ajLfuVI J^ta j_aj ^oJkLa - A 



) f«-*J 



i^>-J L>- (_>^j_9 i"il J-*-^ Lt£. ( p ^— » **■"' I a j Liu I : f-Jb 4 ^j ^— i *- 1. 1 /yic ^1^ L^ t "~ ! J - 



p^~ » -»"" CjI^-ulLo^ 



) f«-*j 



1 La jh SI ajLil Jajjj (_j-^' 4J2^L*JI JJ^*^ (JjjLoJI IjlAj (j"*-*-* 3 UJ J '-^- 1 (J-* 3 -*- 1 j^ 3 - P * * ~ ^ 



) f«-*J 



j-l<TlI I ajLil Jy-aJJ (j-C- (Jap i n aj <L-JLl <»J^9 J^ i_l!j^ta j_ii> (_jL^-Lll p^- 1 "-"'" a iia£ ~ V 

4 "j ^— > J* 1 1 (jr Lc L^J j-uLlIlj 4_tS p^— -»"t I 



) f«-*J 



j-ttLa ,JI j'-^' (jl (yj ' Laj«j| sjLil (j^a IJlj-I i^jJI jl i all J-& 4 ^J la * LI ^_ (^^LaVI jl i n t, 1 ~ £ 
Jl p^~~ ' ielLlI < ««" a 2jLil (j^a IJljjj ■ i ■■^— > »'l jl i n H _a^2 2jGj_aJl 4_ijJl1II jl i u a Lai i p^~~* "*■"'' 

.(jjl — 211 ,Ji«-J-a 



) f«-*J 

)V 



4_Ilj ,_ a ' n~ A-uisLj 4 Ilj oj^us 2— 4, "j La * I , I cLS^jso (jl i— Q.J (^jJI i_3J [Jl C-l L<aJ~ 

.l^Jl^JI 
_ tt - 






: ^_ i- i ( i n" i I Jufej (jr^J ■■*■ L>"£0 '■"'" j-£ Lj O-jo 4 a a ^~~* >< ' I *-a3 (j I ^j^-—* i i - 1 

S ij I u. 1 1 4 ^^11 j ^c p^~~ LSellll j <»"»* 4-<vl3 JLl>«J (jl - I 



.<Lu 



u p^~~ » ~»" " ^jJlLo 4-<v^ -»■ ■ i aj (j| 



oJakj (jrl^f ' p*^"* •»■'*'" '**" aa.la.La p j a LaJ ^_ <Jj 2 I (j-uL-u 2l j-LLt3 S JiJj_tl A-iJlJlLm »j ^—* (jl - Y 

' ^^j"" * i • "L^a p*^-— ' ■>• ' 2jLi| JljJu><j p3 p ^-<-»"tl j ,»", t 4_lLlA!I 4 -v-^' * I Laj^JI SjLi! 'LJjLiLa ~ I 

.4_lj£.jJ,l 4_4_ui]| (_yic |_£jj>-L) jl 4_uLl^=iJ 
4_Lul_La p^-»-- ' SjLi! JljJu><j p3 4 i j 1 U 1 1 4 ao^Jl ' p^-.-»".tl . ,»",t 4_lLlo]| 4_4_uij| 'UjiJLa - <_i 

. l_Lai»JI SjLiiJ 4-4-La (_yic (_£jj>-L) jl 4_uLi^=iJ lJlSjjj 
a! 4j^j^— i i i /i'^j""i 4_i_ujI_Lo p^— ■*- ■ SjLi! JljJlj>o pu LLa -•- 1 1 SjLiLi 4 i j I U 1 1 4 a^iflJl 'UjLira ~ dl 

.p^ai^tlJI j-lslLo 4-<t-La (jyic i_£jj>-L> 

j_<Jt!La (jLi ^jJ^VI dil aaJalXl <j£. j-ujUi (^1 p*^-* *- ' ^ a j^' a (^^ 2jjl |-tl 4_jJ^f 1 4 aj U» / 1 1 - V 

: jjt, l^iS p^-i-ttlll 

.7cJJ....jLl1IIj ' J7~^ 3j-^ J"*- L^Li-a La3 jl A_ul_lj^^= 4_uj^= "" I 

4r tl ti~\-~rj cQ£.J-Uj p ) rl*«.1l f-'-^j (JjjO 1 j I ' >> 1 A" a! ■J^^— '^'1^— »^" 4_L4^3 - <_! 

4r 1 1 i u » , :- 1 1 <2jlj^>JI 4^»-jJ (JILa 4_uuJ_l3 4_l«^= - Cj 

• iJ 1 (_p-a^i' p^~*'» - "'^' CjLajIila p ■ ■■ 2 *" ~ 1 

.pJGsQJl 4_ul j '"'' ajia-Laa 4 a j Laj a p^— ■*- ■ CjLaji^la ~ I 

4_uia-U ' ** ' I aaJaJLa a SjUi j! 4jL^sl^La • ** 1 1 a >a la * a ~ < i 

(j a ■ * ! I 4_Jaj_<Iuj ^ a ■ * 1 1 4 a Iaj * a i ** 1 1 a >a la * a ~ Cj 



rr 




4^3* 



_Uj^l 4 ^l-tl 



■cvinl[) lliiipilli].tvicill pilnill nnlnll niiiiiif) till 

gAtUl jJjIaJj ftwaAl 3Ub)t 3jb¥t 



^Vl |«SjuJI £jL» 



4_AJj^^=lJ| TUjliUI 



3 

'I 

! 



Y 




^ 



^•*^* 



^^ 



_AJ\ i""-" 



«J] Sbjis" j^ 11 fc**?- 







.SjJj_U AjJlJlIII 4Jj la * ' <J-«-*3 2 a j U / a ^^ 4_U_uL_u2l Cj Lj_^=li I J J- 1 -^ LL«J I l_3j_*-l (j| * 

■ 4iil"^m 4_L»_ulaJI CjLl«-^=lJL> 4-uaL>JI ^n-h II jjua\lc <-2j-aj (jl * 

.Cj^L>-jJLIj '"''j '*—^y' ' SjLi^i I cliV^ta a I Jiir" i ill ,d ^^^^~" » T> '"'JJ -}Jl*j (jl* 

.4_^=i_ujI_<jJlJI (_j^3|jJkJI ,Jj Jl*j j_u3 LJ£. j A-lojIsjJIj 4_ujjL>JI j_i^LL*JI a I JlJt" i ul 4_ui_i^= p gjflJ (jl * 

.(^yjL^lII p^-i-»-*itl jj-aLicj 2jjlj-U cjL^=j^>J,I pl^JI <-s>*j (jl * 

■ 4-lLi.o LqjJ I J 4_lUj Lf==>TJ I i 4 j i i nLuJI dll »Ja-L»il <LlluLujVI (j-uljJjJI j i •■ ^JJ d)l a Ia-dLl (JLc i— 3j_*jj jl * 

/ \ • * SjIj^JI <jjuj> jLSjI (J! ^jalil Jj-aj jl :u>lialUIJ^I^^u*4 

oLiL^A { uJ)iIU £&£X\ u2jJI 

.<LaLil CjLaj.Lt.U (_p3jjtJ d)Lal a ■"■ a I JlJt" i ul ~ ^ 
<~il'al a ■"■ (_paj^l jl^>- - V 



ti 







4j^~ '^"'"' ' "' O^'J^- Cy° >-&* (J-Llu Laj '**" aaJa-Laij 4j i uLmVI Qua ^— 1 1 1 [^sjju AJ-d-l i— 3j i a i_iLlII lj-4> ^_ 

ljjLuL iUjlaHI Analysis and synthesis ^-u-^a3j <_y^j <»_^J o^ ^ cr 1 ^ i^ 3 - s :^^^" 1: .' N j 

<_L«ju 4 "j la * a (_£2 4_u_uLuVI CjLa^aJUj j-usLulJI (jLfl <(JjVI ^-sLJI <4- ^J-^ 3 ^ La-^=j -p.;! ' " (jr 4 -^ 1 

I/, A ejGjJtl AjJlJuJI 4jj_lajj 

~ej&>-\ t Transducers SjLi/j oVa^e* t Sensors oL.uL.ajJI J^i^jj) ^L^JI a>^>4 - \ 
.(Comparators oLjLHIj Set point device aJjLUI SjLiVI <Uy^ 

.ij^UJI LtiJaaJI .-.r.j^-^tij Amplifiers ^.i^.^uti - y 

.Controllers and compensators JjjmHI j-^Lkij oUJaiXI - V 

.Final control elements ^LpJI p^^-,ti jj-aLc - i 

j^k La J-J^ij LajLa I a-Lm23 (j <m! (^JVI p^-i»»-"cU '"'' aalai a Cjua^a-aa, j_ual_L*J a-li a2Hll I Jufc (jl . U> -*- \l jj 
*_a 4-)t-a-geja Cjuo^aiil <?Ju& Jl3-^j La LlILVs t 4_lC.LLu2.II dl I a aJa-UU ^_ Lai tLaaJa-IJu «.ljj>-V ^ ^„ j p^ ■ •■"' 
p-u/L i_3j_*-i Jl>-Ij jLp*. 2— A-uOJIj (JjVI U '''J^~* /*-a^><J o' L)^"""* a ' y\ io^ . Jl>-Ij jL^>- ^_ Lj ■>»« ) 
p<^-»-»-"n j .^./^ ^J| p ^— -»" 1 1 SjL_/l r-ljj>.| pu p^- 1 *-"'" j-Ltla Jj^jsoj ^jj/LlSj 4_JL>JI i>Jak ^_ p la * U 
Sj^a-Ta, CjIjula p j -i LaJ ^_ J^j->- VI ^£. <_L^= 4_lcI_Ll_i]I CjL=_j__o]I i *!"-*■ < v I uaJI I Juk ^_a .^-jL^lII 
» jiaj i •■" 4_u_uLul j_l_>Lcj Cjua^=_a r-LJl ^Jl (jVI 4_lcI_Li___I CjL=j__uJI ^j-^* ) (J-La-ij (jr^' p^—* - -"" 
' _ ' I aaJa-UL I oJJt ^iv^" »^La.tJI ' ilia i_ > i n-w A-Lulx 4 "^J ^IjU aj-2-> jLj>. (_£l < •^^~'j"' Lpal Jiir" i nL 
(jlj JtJ^Ls Lj-a-ua uaj I alia. I Ly^a (-JVI p ^— » -»■" ] I CjLajia-La Sj^>-|j CjIjula jjl I <>»tl j^=jJL j_iJl>-j 
^j-a 4J| i^j-> LuLd dJJjJ .SojjJLI ijjLirJI clili ' - ' I a aJa-UL I A_ 4_luLuVI cJijLlajJL aj-2j CjI Jl>-j (jr^- L^J-^ 90 
Jl (_p3j_*jj (jl LlJ-^ ^ "J * * 4r * J ""^- J '- ' ' aa * (J^ 3 jj-al_L«Jlj Cju_a^=iil i>Jufc <Uj/IjJlj aj-2j (jl '- ' ' uLUl 
(jl ^j^— » ^ ' V j-i-isLui Ja^>-J ' A N ' '-"" Ijj Lai .4jjL*jJI CjL^s^ Mill I j •*■" *" 4-UiLl^ i - ' I J a. a ^— > Lp ■ ulj N 
Lp i ulji > ' aj-2j i_3jj_u LjJL2 4-LLt.a 'lAjJoj l5 j 3-^ do>j La 4^jjJaj Lj uaji ) x_a i " ■ ■ ^-<j lj| VI (J.a-^3 

■ 4-SjI i nil A jJuja&l] Cj La-LojJJl'J I /^c jJa-jJI L _>^Ju 4 I aL^au a 



r» 







aJl21JI j! jl sj-p.^1 Cjljirntl 1|_ Sjlj uaJI ij\^—' a Lut-uJaJI oLl»^=JI (_>*LjJ9 21^-, ,*;, * olls-l jJi! 
( _ r i£- j^ii'^H j_£j^ll JJ9 'QjLi CjLuL^=3-al (jjo 4_ajJij Laj <*_u^p^=iJVI CjLujA.>JI p J a LaJ 4- j_l±^=JI 
Sj j-^-l (jl jj .(JjjLlSJI pic 4- sJjJulJI (J^al uA.\ Cjj^Is p3 (j-«J -<jr^ p<^-,-»",tl ( - ' I a j la * a 4- W-^^-^l 

.4_u_uJiijJI cl)l aala.ll ,la '"'' aa^3L>JU (_ylc S j La-u uJl a p^~~ ■•-" " (_p3lj^.l 4- O^aJiir" i ul La I jl A_uj_p^=J2l 

^j^jJJ ajjujaJI J^sLill ^ i M"Vi Metrology ^LaJI pJLi 4- b::^ ^s J^=LA« ^j-4^ ^^ 

: L ^\ j-^=JJLi (_)^ii>o Lj-Laj JUJkl I Jufc 4- 
t^VI J a mi J I JLibj (jjiLulII JtjLij 4j9.S ajujj *■ 4, LfllXI <LuisljjJI (jjjiaJ! a! JlJcIujiI - ) 

Use of statistical cjL^LtUI ^jLu L>JL-a 4- 4_uLua^)M JjlaJI aIjlsb2<J - I 

. method 
Accuracy analysis and error ouL2Jl ^jLu 4- U-^^LH 9 *Lk^^?l uLo. - ^ 

.accumulation 
.Noise filtration problems ^y^iu'W oljLij <>a ^L^JI ^jLu 2u22 - o 

3j^>.| a La i ul aj j «»"tl <l*jj_i_u 4 J * flJ CjLlL^X. ( _^uLt^ ^C 4_><jLl!I ^uLloJI 7ljL"u 4->JLta ~ I 

.JaojsJLa /-^a-^al *« \ j ."I" CJli ^j-uLiJi 
■(j »->n j-i^Ltflj jjj/Ll2JI aj^>-2 /_^3i-^al *' JJl j ljQjI <JjJl*j jjj-* 3 ~~ *— ' 

: (j7 jVI J a miJ I JLibj (jj/LtiJI oj^>-] SjjiljjJ aL^3L>iil L_tjJLuj| aI JlJcIujjI 
d) LaaiaJLaa 2j^>-l 4-ulj.} 4- ^''j^"' : ~~' iVI CjLijj/L>JI /yic aL^=L>Jkl ^J-* 3 (*' ^ r " 11 "' ~ 

zLaj I Jl^>- j-Sj-i i^jJ' J-a^i I 4_iitflJI '"'' aaJa-dLl a 2j^>- ^1 ^^j£. I Jljjlj Ltlajuaa ujJij ^jjjLlSJI 

»j^>- 2\ /yic 4-J.a.t.a (_ijL>iJ «.lj^>-^( <U^3j_ii]| LlI 7t-;UJ aL^=L>Jkl ^J-* 3 (*' ^ r " ' "' ~ ' 

AjLjjIaJI 4- L^j-uLjS ^j^— > ^1 ' V A-ULjjla CjLl«^= <J-"^ 4- »L^=L>J,I (Jijb aI Jtitlij/I ~ < 

. LJ 4_uj/l_m (j 11 "»■ H ^J-i5Lt£. J^>-_a a Jud 



n 



- r 







.^jjjLlSJI £ljLj JlJJlJSO ^_ jj^jJL*-!' icj-i-oJ'j 4j9 jJL j-UjIG «JlJJl>- (jj/LlJS jjj-^J 'j-4- 5 *' foj-3 '^" ~~ I 
i _pajJu jl (_>"-ij) Mi'tl CjljLil ^j^a I gUj 2 *" ( _pajJu ^jj/1_l2JI TtjLllI 4-Lal^ltlj AjjjjUI 4_>JLiJJ ~ <_! 

.4_ljjLi^ i lalLaJ ,| j '»" pit 5_lLl5TujJL I p-J-SJ' f-^f* 

p ^-» -»" I ] LjJj)J_li5 <_lUj (jL^= I J] (_)JjLui]l /J-JLjj (_yic 4-LLt.a CjLu3Jjl^>- jLjLfljjJ «. 'j-^>-J ~ ^J 

^jJu Adaptive measuring systems pJiLHI Lul j> ^LS oLa^iiaj Sj-^f a\<h^" - o 

S<*1 LuaJI '2— 4-lLZlII CjLiLjjlII L y\-£& *Lui (J-uLlSJI 
3J '"' -iJ-^J i_3_o-uj ( _ T L La ^_j ( utj-sa. (J^al uA,\ oJul i t _ysjjul\ « jlaj ■ •■ ) V i_3j i u LuL^ JL^JI 4 »-} JaJa 
*St £ * '^ (J-"^SJi *>£*-l < 4^ =a T!- a '-'- 1 - i (J J ^ L *-J * L*L^^3 j—IllLa ^jj/LjS jL^>- (_£l ^_ j^jjj (jl (_o.j <jJ-J' 

: Sensors ~&jaX I Xuhukll uLu&l puLli "^alsd I j**} I j^Lts - T 

j ^-— »■ I ' i_J^a-i-u I * * ^— > la ^ a '" **■ I , I (j ii*«iH ^_i^sLi£.j (j uLlSJI aj j - *- I *_L4J>- t _paj au i u < (j| » ^' / "~ ' " ' 2( *j^>JI I Jufc ^_ 
'Lu=L>JI dj*^— i jal i i \\\a aj,^—,S\\"i , ,,xl ^sIjJkJI <■ 1 Uf I *_a ^Jzl p ^~~ LSellll CjLajii_La A. I j * a *_jLi j^k La 

: Temperature sensors Sjlj-^l ^L^jj jj^L^ ) - X 

(_^jlj_>JI r-ljjjVI (_y^>j sjL^>JI cjL>-jj ^jj/LlSj 4_i^sL>JI (j n*>.1l jj-aLui (j-uj () - Y) J^— > ui 

3j3^ 4- ^Li^j^jiij Resistance thermometer Lu ^^aJ I LajLUI j^j^j3j Thermocouple 

.Manometric thermometer ^^^jJUI^Ls^pJlj 1( jri2iik^ o^^^ 3 dy 3 u^d>" 



rv 



"iulJj! 3jb->!! 



(SliJUT 










temperature sensors 



jL>»jJ (J^LuL) 4_LaL>Jl jj_UJ>Jl J-LoLt^. 



thermocouple 



resistance 
thermometer 



^j-oj-> 




thermostotj 



4_a^ LSJ, I CLj-aa-aj3 



W(s)=k/(T.s+l) 

JlkUl ^_ T U^j (6.4xlO" 3 -69.5xlO" 3 mv/°K) JLL^I IL. k ^^3 ^jlj^J! ^IjjjVI aJU ^.j 

.(2-10min) 

<tcl^jL t^lix^ajlll ciuljiij .(20sec-lmin) jiUiti 4- j±*% k u^ ; :.'j J^' 1 ^ajLSlI ^^j-^ ^^ 4- 

(j^La^jLU jILaj^spJI aJL»- 4_ Lai mm/°C CjIjl>-j CjIJ jj^—J clil'mij^pJI aJL»- 4- k J^aLJUj .4-LmjJJIj 

.Pascal/°C jj^" k ol j^j tjLa 
jjlj^JI cjU-jjJ (j-oj>JI j^if jjjj a^2iI Semiconductors cj^UsjII oL_uif ijjj^ju^JII ajLJdml aJ9j 
jji^LapJI Jla (jjJ-l ajjIj^ jj-al_i£.j Diode jjjIjJIj Transistor jji^jjl^l .JjiieixJ Jla 
(^ill aj^llIZl!! (j-oj>JI juus\Jju ojj^ L« Ijj I^Lt-cg T Ltiaj Lulii LjJ jL j_i^I_l*JI <>Ju4> jl^wj .Thermister 



ta 
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:RTD Temperature transmitterLuj^^l LajLai j^j^n jlla * 




Ouiput 
_ signal 
(4 - 20 mA) 



E>*^' s ->*-"l 



S )l_un (Jo^to 



* )a_j_)2l 4_)l_4->. 



4_ajL5J,l sju^jlC 



* 1 1) d ^~"' ' AjaflLflXI J iOj-4>J ' ( 11 ~ Vj^~"» u) 



:^\3^LJI SjU ttj^-II SjLiJj LajLiUj BjIj^kJI i^j-i crv iS^L*JI q^*j Jj^^ 1^^° ^-J 



(mA) ^J! 3jLil 


4-ajL2Jl! 


( C)3jlj^JI i^.J.5 


4 


100.0 





8 


109.9 


25 


12 


119.8 


50 


16 


129.6 


75 


20 


139.3 


100 



:Pressure Sensors dai^JI ^Li Y- V 

j^aLlc (JlLa i La » I ia 1 1 j U i " (-.lint 4 jljj Q^z aJI ■La^LaJLI 4-c-l3 j-tiu /ylc- Jlajju 4 j ij j ^pg (ij^LajjULI CjUjJLlJIj 

jj*i jJjIj (pJI cjIj^LJI ^^iaju AjLJeiuij ^_p- Piezo-sensors jj^lj Tenso-sensors j^nJI L>l o* 

.jJaLLa JajLtlaj I JJ^ > ULlll 4_ie_uj J,r^*-^ J^>- Jjj-^ 3 .J 

(W(s)=k/(T! 2 s 2 +T 2 s+l 
illj cj!j jj^"*« jj_iJlj j.utTJI ^^u^ jj-al_i£. Lai mm/Pascal ^yA iIL>JI oJu»> 4- k cjIjl=«.j jj^'j 

: Sjja^aJI 4-Jjf^ 

W(s)=k 



n 
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.4_UJlJ_3LjJI Jjj_LaJL) j-usLulJI <JJl$j 



diaphram 



pressure sense J**-^ \ ^Laj^ujijj^i j^lic, 

(bellows 



x bordon 
tube 




lLjj» tiaj I ^jj/ 1 x2 ' 4_i^s L>J I (j_aj»J I j-i^s LJ£. jtiaAJ : ( Y - Y .\J^— ' ui 



r. 
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: t [IaAjVi , yul jj-g t jl ml i ii Li i Laj tjaJj ,_yip. j Lgjjj t JLLa <$> 



SlTilin wires 



MS 




I 



%&//&////}/?}??. 




Diu/ihrjgm Force rod 




a i) la ' 9 



u>UjlJ jjj 



fl l ^ 


J 1 1 ■ 


^ 










5 c 
Amplifier 










1'V 




*s 


*t 











s^=- 



Ouipjt 

M£!n,il 



3 jLun 



E^ 1 



•.Level Sensors J5LJI ^-.^ ^LS r- r 

(jl^j>- (_£l ^_ (J-il i nil ^j" i ii a jj uLtaJ lLjj» L^aJI (j ul -tS ) <U^sL>JI ^j »■> II j-i^LlC a jLSellmJ »j ll=3 t jLx>-l ^-_J 
Cjl_al_oJ«-!l ^JlJ-'iih" LiUj J! iaLis^Li . Lpjla 1 jmLij JjL-JI ,_£j2j_uja «_a <_ i i nl_uj JaJuiaJI jL==j La Ij! LiUjj 

.JjL_ji ^31.^0 o" 1 ^ Level indicators ^L^i oUU-jj Floats 
level sensors 



(C) [ D ) 



(a) 



T) 
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jayaftUl 




W(s)=k/(T! 2 s 2 +T 2 s+l) 



Sensor (J _aj»Jlj ,.-.;<- 


k 


T, 


T 2 


a 


1 


m/pA 


r|/pA 


b 


Ap/Ap+ks 


| m 
■y k 2 + pA 


r|/(Ks+ pA) 


c 


pA/pA+ks 


1 m 

\k s +pA 


r|/(Ks+ pA) 



0- Y)J> 



i»-jjJL!l J^aLta :T| 



Lol^c Displaccmciii 

float 




Bonded sirain- 
gage toad cell 



j"^ fl 






Whta[slone_ 
bridge ani 
•%%%%% amplifier 



Outpul 

' Signal 



£>*^' 3 j^! 



(JLtajl lt _yA jrioj aj^S P'J-^J ijOl 4£. (J I QJU i uLi tj'j-»- 4- lP'-"' (■£,!?" ' " a O-"^-^ O-"^ J i*aJtg :(IT - T)(J^3 ■"■ 



VT 
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:Flow rate Sensors c-aj-^aTJI Jjm* ^L^ £- V 

Orifice Lkj^JI aljitL-uL <_aj-ual]| Jjjl* ^LS- ^ 
. Orifice flow meter iAj^JI ^ j i_aj ^"ll J julx ^LuLu (^t^j^jj < 4_La i_flj/^i"tl J jm-a >_il ma»j 
J^= jij£. LLlii Lttisj LoIjjlII Jl^'g t-i-p- ■ Aj Lai!! Jjjla (j-uL^lI Rota meter jj-l-oLjjjJI aIjlscIujI - Y 



4_<_uLiJ3 Jj^-— i o ' Jaj> i a 1 1 ^_ Lua&a I ua-fl i (. i 1 1 n"t 



lJi£jjj llUJljj *-jLU jl-<-u-a <fr j- L *- ua ljvjj-* p-^ji ^-f 3 *- Turbine meter ^yj-ujjiJI (jj/LJUl AljJtL-ul - Y 
cjVju«^ ouLiJ Electromagnetic flow meter ^...jUi;:^-^utVi ^Lli! a, 



Jljt i i «< •> La 'j u^3j 



<L>. 



jjJI <><: (^LjJ (T^J^ 



u> 



^=3 i_3 



y- 



1 SvjLaaJl 



■ Io3- ' . . ..1 " ji/i'f ^j^- c^-^^-^' Tr^i- 4 -'-^ (jj <i ~'j^ L^j-i^=-LflLbj (J -i j" ajLc 

flow rot* sensors 




^-i;:*r V turbin 



diaphram 



' ^j '^"" (Jjl»>3 (Jj/LlSJ jj-oj*. jj-aLlc : (£~ YYj^-i 



rr 
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Magnetic seising 
coil 



^jj 



I^-J-ujjj ' 9> '- J »" (JJl«js ^jj/LtaJL (J"-« ♦♦♦ 



Computer 
nlcrf.Jtc 




Digital 

computer 



J-^ 



■ ■ 1^- 1 



Permanent magnet 

Spider dnd bearing 



t-jVjji 



Turbine »h«t 



A^ Shaft 

^_ (Jot" I n V4.Lq.3j Jj^Jj *J^-"ij ** J 4j3JlJ ^yl-UJJJ ' S> '-"'' (Jj^*- (JUlLtJLa '. ( ll~ Vj^~ ' '"' 

(|_£jj>.| 4_tC.l_U^5 (jjjLuSJ '" 'J ■''■I'^'JL)"'. ' 



: Rotational speed sensors oIjjjJI <^U.j_^ ^mLZ o- V 

(0- Y^ J^/:, !3 lt;. 1 " J^J Mprhaniral fly hall spinsnr ^-^-,l^-^t I ^,.^tl j ,^;<- - ^ 

angular speed sensors 



fly ball 
sensor 





* — 2t 



-) 



tochogeneraror 

'tjtl j"j"j^^l"tlj ^y^a-uL^a-tXI ^..-^tlj,^;^ -(o- YYj^ iS< 



rt 







jLHL J^jjIj^o^LjI ^ fl>it J^-jjj -.Tachometer generator jJjil j^o^Lil - Y 

aj^jj j LgajUUI I Jl-J LtLa-tLaJh ■ 1 <ii uj (JV -1 \^ - '/ J 1 '"-' '"'J ' -S-S_p-U jLuJL (J-a-<3 |_£jj>-I p'j-ltj O-iLlJI 
•.Jila <L*jLiJI CjIjLuJI ^Jl>-J J^-JJ La \j-u^=s }Lu^3 t jl j-^- J^~-^ <Ll^=_uLLjj^M l _ys\jJ>J\ 

41^ ^j-stJLl Jl^ Jl^^ Jj^ u Utj jJoJLI jixa^=LHI Ijl* (jl ^^3 (^ibj (5 Volts at 1000RPM) 

ajjUIl ic.j_<_uJ ic.j_i.JI ojufc ^ <| i n"j 1000RPM 4_uljjj> <Cj ulI <tj (j^sLiJI J>_o-«j<JI jljl !il 5V 

.calibrating speed 
:Linear Velocity and acceleration sensors IjkiJI c^LzjLuiJIj cjL^IjVI c ^L^ V V 

ia-ljVI crh» £a}U]1 jj<^~j V Y J^- 4- ^-4^ cr^J : Potentiometer 2j-jAiU 4-ajLUI - \ 

.Luj_5j A-iIoj. AJS^lc 4_ajLiXI TTJ^a J^Ic Jl^>J I J 

potenti meter 



t 



T 



■4 



V 

-4 



IjjJuX\ LajLii! :(V Y)J^ & 

I jafcj : Linear voltage differential transformers (LVDT) (jr kiJ I ^^L^ I J^kX I - Y 

Jj^a jLa JjLlLJI *-^j 4- <-4>selU t_JLHI (jL= LiLa t (V- Y) J^=ui 4- oSi-a cjVjjhI.1 <>a e^alll 

r-j^ta JlIc Jl$j>JI 3j-^ ( a ^ L *-'di Ljl i r "i a ,jj^~~ ' ' ^ajLiII CjLoIXI ^j^a i aj a (J^= Lr^ 1 i-UajXi ) j*^-" 

*_a i_ 1 1 "LuJ r-jJeJLI Jtl£. Jl^>- 3j-^ ~J-*£3 (jj'j-^' ''-*-* Ji-^e^ (_LiJ-ul (Jl ' ilaJI ijjj^so I jl Lai .(Jj_>m 

-}-ij3 I j (JjjsJkl «Li (J-a-t-i (_£Jl!I JJpil jLuJI jJuuzla ,jj^~~ i ' (jl (— cjvjj „ . "^'-^1 Li «j^ uLlI ( ilaJI X-^J 

Luj[2\\ ajLi^/l Spectrum ■ aoL 4- A^j-a j^p .^f l^Ll^I aj Ar J^Vl (^Ic i^jL_uj 

' . JLaJI Aj>.ljJ >«-a (. r i uLuj (jPJI I J7~^ 3j-^ *jL-"J (_^3^Litlij/l J^ i uJ (jyl*- LiUjij (^>-'j VI) 

. "^t^l *» *JH "^*l 



fe 



"iulJj! 3jb->!! 
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input * 



linear voltage differential transformer 



^ ^UJI JUiJ^I p^Lti 4- b-^ 3 ^ f ^»" '-"jj • Resistance strain gage JUiJ^I ^L^ - V 

*_lis_JJ kt.-L>. 'J LaJjjLJI I Jufc A I JlJt" I III 4 ^^^~~ ' 0^-> (A - Y) J^~* Ulj ijj-' 3 (*> I U> (_j-LC- 4-U-t.a SjijjJG 

(JutAjl 4-<^.l3 *_a Luj/LlLo L^jl^jl aJ£ ^j^l ^LiJI Jl$->JI Jjj-^ JL3^~* 'J (J o" '■ ""jj-<fe " J " * a fj-^l Jl>-L^= 

strain gage 




dummy gage 
strain sensor 

JIajj^I (j-uLi^-a :(A- Y)J^=ui 



t"V 



"iulJj! 3jb->!! 
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j Transducers 3jLwV I u ¥$*• - i 

JlIc 2gl l-.lt jj>.| f-jj J! L^jJJ <LL>-ljJI ajLi^/l £aLia pjj Jj^elu Aj-aJ j-LaLic (jy jfe ajLi^fl Cj^^tA 
j1 (_£?) SjlaiJ! ^vljV! (J-uLlIi .ajJL (LVDT) u U->tl u hh>\Ju}\ J_^>Jkl >liU^ (A-U-uL-u^l L^lltlaj 

^jljt",,," c pl\ Potentiometer ;j-l^"lU a^jLILI Jia <i_dJj j^k- thft^= ^J!ul >^=JlJ <jl I <\4 j'^'rj 
t Piezo-crystals jj^JI culj,^JLj Thermocouple ^jlj^JI rlj^j^lj Sok^JI cjUJj^I ^LS 4- 
Tachometer jJall j^^^LHIj < Synchros cjLLoIj^IIj < Photo-electric cells a-uj-^I LjMJJI 






electromagnetic 
transmitter 



* ■. output 



^— ^*^-j- 



■VA^- 1 



N 



1 



m 



j^j 



-0 



put V 



f- i njViLLt.oj^p^aJI ajLiiuJ (J_j^ta :(^~ ^)J^~~ ' 



IjiLuzi] 



•%- 4 J" 



I^T 



aj-iiiio ^j Transmitters oM^UILi ^^-.-uj pjiJI lju»> ^ SjLiV' ^^>^aj 
Electro- ^j^-j'jj JuAj^aJVI cj^j^IIj Electro-pneumatic Lulj^jp^aJ^I cj^^^I L^iaj 
cj^^kXI oJub^ f-I^Ji sjl^i tjr^ (>Y- Y)(U- Y)(>»- Y) Jl^=uiVl j hydraulic transmitters 

_rv _ 



"iulJj! 3jb->!! 
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oj^us £- CjljLil Jl (Jj^tjj i_a-i^=j 1 jj^j 4_L>-I jJI 4 j 'j j ^— i ! I CjljLii^fl f-fOo (jl s-^jLaJI « j Laj 



j .vljtMl AjLJr"i,nj (^jJI ajLi^l Cj^o^ta <j-a Jj^/I f-jj^l (jl J^*'^.' J.' 'T^J -fj-*-^ Jl ^ 1 p^UI Jai 



j^^-— a Juc m£|) SOjjJ,! AjjJtTJI jL^u-a <ulji-> IL. L*jIj Jl»-Ijjj 4lj* nil IL. 4_u_uL_ul 4 jj ta * ^ S-Ut-ixtaJI 

.4jJLiiJ! jL^a (j-aj^Vl *j^' i^l ^L^l ^=Lielll j^if JjS jl Servomotor jjljJLl ^Jj^il JjS 



P 
input 



=3«3:1^^ 



-0 



pnemo- electric 
transducer 



out put V 

(jrd>4^= (jr^'j^ »jL"! Ji 36 * '-0 * _ Y) J^3 mi 



p output 




electro - 
pneumatic 

transducer 



w/ J /V Jl>"'^~' *J'-"'l (Jj- 36 - ♦( ' ' ■ J^~* '"' 



fh 
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(SliJUT 







electro- hydraulic 
transmitter 



input v 




spool valve 



output x 



<*_uj/LLo L^jI J^*^ (jr^' ** aaJaJiii I ^j^sLlc jLl>iJ jjl p -i L^a-o-U tc_lu L^jI £— ajLJuin diiij^ta 4 j q &l £j i *— i]j 

o-^jj LgH^^uJ dUjj (IC Op.Amp.) Integrated circuit operational amplifiers U^l^aXa 

.4_ajJi_m ]|_ aJlJt" mU ^1 gill p^~~ i-SelJI j-i^iic p_jj I. r I n-fc. (- I i . i 111, I ajLi^fl 



T<\ 







{Amplifiers and relays uib-jilj uljj&l - 6 

(j2 lLUJj i^VI p^~* StLjl] '"'I "j^'^ 4- aJlJt" i n" (_jjJI ClLJa^a tl a jj^LisJI p_4>l (j-/0 '**'n '^~» 'I j-LLtJ 
udj^so (jl I j*^~ i a 1 V "ijjjLUz 2jJ^9 CjIJ r-j-ieJj Jtlc 2jLil /— LaJLJ ^aaJa-U I 4- aJl-st" uAS (j n-stl j .-~./<* 
0j_4> sjJlS 2juj 4- ^jjj ^— » aj tj-u-uj i(jU (JJt>- i^JJ' (j-u-Uj_JI (. i 1 1 ntl j_4> IJlAj .(^L^-lII p^~ LSeHJl j L^a-Lg 

i_aMi>.l j^k. Amplifiers ol^-^aJJ ^IjLiei^Li L^u^Lj l^l^r;, 4- j^ ^-^ uf ui- 5 J jL")" 

W(s)=K 

ljL>- ' ■» LiaJI (j_a ,jj^~~ » ' 4JLa i 4 aJuieja 4_l»jj1s CjLJj^=uaj j-L&Vlc {_ys • '^—-J~~ ' - ' \J • ^~~' \ I (jl cL- p-J 

(jl (j-« j<-»" (jl (_cJvj pi LaJL I (j^~* lj 4-SjI i nil a j j L<aJ I 4- (Jj^jso 4j|j Cjlj '""J '^~~' a (_r^- (J J ' ^ "*- M 

j-^=l1,I I juk <Lj3 J-<WJ i^JJI -S-ipJI jLLaJ 4- J^^l (jr^ 1 J«j-£JI I j-<fc Jj^JJ.'^ 11 

t^^^jb '**'jj '^-» aJLl 4_^=i_uLLijjVI (_^3|jJkJI I <""* (jr'-J' A-uj/Luj^I Cj I^ILa I j Li] I j 

o LlIalx Cyuuia. « <"lj (jllaj 4 jj ; "" <>"-v*J) Amplifier gain (K) ^ „^--,t l J a |. a - \ 

4 *j la * I , I 

.ji-T (jlljr^-ia £>* iJdiivjj Saturation value (Vsat) ^zzl\ j^ - Y 
Jut. <jpa Relays o}U.jJtl 4- ^ ' o^y L° J^ uj)^" J\ s-e*di Dead zone (A) ip*JI - V 

2 aj fc, ', t I /yj i ij I U t I ^lj^/1 4-lC.JJ (■ I ) rl~>- i U ■ i >»" (j| (_c>iJ 4-lTLtJ I 

J,^"^-,^ j^tl daj :-,,„_, (jMI (j^>jj| j^j Amplifier rise time j ^ lt ^'. a J tl ,-,,|-,tl - £ 

.A_uL^lII I j" -i jS (j^a Z^ * J I rj-jtil Jtl£. ajLi^fl 4-a-iS 

tjl '~<l) '^~~' II p ' " S "j 

Electronic amplifiers LujjZ^lW o^-^=JLl ♦ 

Hydraulic amplifiers ^^-mIjjj^I cj^(^->U4 

Pneumatic amplifiers a-jSI^JI .-.^^t|4 

Rotary amplifiers 2jIjjJI oj^-^=dl ♦ 

Electro-magnetic amplifier 2 ^..^.U l;; ^,^! ! ,~,i ^,^-,t i ♦ 

Relays o^Ujil ♦ 



"iulJj! 3jb->!! 
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Transistors jji^jJl^Hlj Electronic valves LiJjp^aJ^I oUU-t^JI Jjl^L-uLi Igajai-Vi j^-rj 
oLaU-t^aJI Jjl^cIlJ j^i ^^iil jl 4JL Jj^JI ^=u^j .Integrated circuits Xial^alXI j^IjjJIj 

^_ /«-"'_5 3'-* a - 1 Lr^ 1 ** ^ /t '^~*"' v j^ljjJI aJlJi-" i n" La-Lu /, j" * l (j) jj" i iij-il^pJI Lgg i U i"ijlj A-Uj^p^aJ 2I 
( _ 3 jJI '"'jj -^— 1 U jj^a <Lcj_a_3ta l^I- 1 1 - . ,j' : ~— u<a . 4_uj_>j^=lJ 2 1 jjljjJI ^"1 i"i p j 1 "•»" ^_ S^LoJI oJufc 
jj^=lII a I Jiir"ii 11I 4_ui_i^= (j'Vf 2 * - > ) J^~~' ■"■ Lai < Lg-a-i-o-i<aj ^_ ^jj/LuuL^a jj"i 1 iij-il^pjl aJlJt" i oJ 

IC. Op. Amp. 741 jLuaivL - . .-.^"j Integrated circuit operational amplifier 741 p$j ^ 

I Jufc i kjLtaJ (_jJ-!l 4_l^=l ; usLLijJI j^^IjJkJI <j^-U ( 1 l - Y) J^— ■ mj 4 aiuiejQ j ll^3J CjM-«L«-« (_ylc (Jj Ltaaell 
jj^a lA^-J-'-J <L°LJI Cjl_pj3ljl_JI /— LajLj (i _ Y) (JjJl>- (jl I a ^— < 3 aXJica j , j' : ~— "' Cj^LaLta J '<• j -^— 1 1 ,| 

(> g-ljjVl «\J ^L^ 1 ^iUHIj. IC. Op. Amp. 709,741 :Uaj iL^aUtl j^IjjJI cij^r <=-.<» 

(J^aLta t_gjl i ii t (jam < < i ■■^— J^sLta (_^j (j^J^' "^-J-^' (J-* LSjJ-^ * j LtaJjju I j jJj 23 ^j^— i a I c^jj '^— i II 



'ess -n 



r^w 



common base 



-0 



common collec 



,0 
tor|_ 



lSt 



common emitter 

transistor omplifiers 



AjjjW^lpJl olji^tl :( \ X- Y)J^=u 



741 -OR AMR 




-* 



NC Vt OFF NULL' 

n"i-i T r-i6 ns 



frequency Hz 
Sa^a^aLbjLlI I j.^Ij-^j 2LLaL^3uI,l j^ljjJI .'ilj.^^(W- Y)J^=_i 



i ^ 













Parameter 


IC.Op.Amp 709 


IC.Op.Amp 


741 


Open-loop voltage gain K 


93dB 


lOOdB 




Input impedance 


250KQ 


1MQ 




Output impedance 


150Q. 


150Q 




Input bias current 


900nA 


200nA 




Maximum supply voltage 


118V 


118V 




Maximum input voltage 


110V 


113V 




Maximum output voltage 


+14V 


+14V 




Differential input offset voltage 


2mV 


2mV 




Common mode rejection ratio 


90dB 


90dB 




Transition frequency 


5Mhz 


5Mhz 





709-741 OpAmp^Lu^rO- Y)Jjj^JI 



.Spool valve amplifier ^-jt^II c_JLU! jjj;^-.t,l ♦ 

. Nozzle-flapper amplifier^ }U] I j Lk^i]! j\ j.^-t l ♦ 

.Swinging-jet amplifier^/oll oUUI j\j^ti ♦ 

.Ui.^tl 4.^ '£_ ^LlILij OjjJI rj>>- i^ej^ 4- P ^ — "'JL3 SpOOl c-cLHI ti]jj*ij JjVl £jj]| 4-J 
J^- iSij iLk^AJI ojofc ^£. uj>LUI Juu ^Jx. i a^jlj Nozzle AJbjJi]\ i alk .Ui.^tl ^jLa (^liJI fj-Lll 4- ^ 

<i-L>- (_yl5e_caJLI (J-us j_<^=l LliJtlc. ijj^~~ » ' (_jJ-J' <L2JaJu I 4- UJ^"""*"' (j' *— '^j (J J* '■"'" 'I < ala-La (jl i La a. y jj 



Jet CjLiill tcj>-jQj LaJtl£.j (^J 1 -*-" JaJLLa Ci->j Tt^jQil CjLilll 4- ^ *d>^' i*" l '"^ a ^Jlilll f"J-^' 4- '- a ' 

.oUUI tibj^J 4- |*jLJeiui3 ^1 Mechanism JLJ^I ^^"ti 



it 
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IjJ Lai .4_uLjJI <L>-jjJI (j_a L^JJ^ * J' *- r >'JJ'J^« j LaJg »JJ-*-^ <4- ^jLc jj^~- " a L$J 4_i^L>JI A-uisLjjJI 
L-3j| i n LuLa ■ J ^' : — 'j^jj Lufc 4JI ala ■ ul ) ^ lalLa > jj' : ~~ ' ' '"'jj '^~» U (j-a f"J-^' ' Ju * 1 oi '•--'tPvJ "Cr.?"' 4 " 3 *J'-^' 

(O^a^eill j^-aLicj Servomotors SjjIjJtl cjL^=jj>JLI a^uIjji jlIc L^ia plajf sjlc JjL>o 4-uL^= Ajt^J 



y input 




P. 





flapper- nozzle 

I P. 




k 



j P output y in P"' 



• 1 c- 



output 






=Cf 



P 2 pneumatic amplifiers 



■■^lyi^i^tir- o 

L^^oLaJ Lai 0~ Y) J^— £i IL. AjLu-tl S-t^a-Jji^jL^JI Cjlj-t^=J,l ^jj toj (jjiAIj J-a-<3 4_uLvJ| CjIjj^=J,I 
** J^~ '.^JJ ' ' H '"'jj '^~- M.' <U^L>JI 4_uisLjjJI -^M 1 *tl j 'j^— > Ju»- JJ 4 j mi" (jy^S 4_uisLjijJI 

: Rotary amplifiers SjljjJI .-.| j; ^t| I- o 

(ja^aj vi— lso r-j-ieJj Julc A_lILc 3 j 'j j ^— i ajJiJS (_ylc- (Jj ' <a "*- II (j-a I **^-» < « <Luj^^= Cj2 I ^j^l sjLlC (_ r ^>J 
<U^sL>JI p^~~ i-Selj| diLajliia ^_ j>JlJt"i i u l f"J-^' IJukj .«j-l±^= *J^ L^- 5 >_^.'J j^~~' JJ-^J-^ *j'-" ''-i^'-^ 3 
( ji>-l mil (jJLc ( _L^=jiuJI '"'1 'J^-— I QJ j-jlj-iilj 4JLajjJI Cjl_Li^=La Jla aJLSjJI CjIjjJ,Ij CjLLl^=ULi 
4ZL»-ta ?-jl_pj Z j ' 2 It 4 1 1 nitL) ^ilLc j • '^—*~ CjyuAjus /— laju Qjl '^~~' U (j-a pJ-<-I' Ljufc Oc Lajji£.j .JijLlJIj 
■aljuJeTu-ul f^Ji^s^ 4Jf jj 3 L^flJeJLa ajjl Cjlj p^— jo CjljLiJ JJ rLL>o L^jf I -i^— ' (10 -10 ) Jjlk-'N ^4- 
4_uLc 4_i La- "i i ill 4jCj i ii t LuaJi Cjl^-i^aJJ oJufc ^-LaTiJj I jj a p ^-— '-»"!' Jj" ' '^} J "' J '^~* " (j-* ^^-jli" ajLil 

3jLj^(Li (_LiAjj <— ilj -^— 1 1 tfjuk Jl>.| clr^J ( ^ *^~ Y) J^— ^j .L^a SjljjJI j^-aLLtlLi dJjj^ La I jj 1 jj i n't 



tr 







^jjj, V >l ^ui ^ SjLui £p}\ Ijyl ^L^Jl ^>^lj Self-excited rotary amplifier Lul^J! 

W(s)=E(s)/V(s)=ku/Ts+ 1 

:4_pVI I jj LaJl ^_ /- La »" ajjtillj ) g-^-U ■* ' i alii 'j ' ■ ^-»"tl Cj^LaLtaj 

Ku=Ess/Vi 
Kp=Ess.Irot/Vi.Iy 

"J ' J '.'^~*" (J-^L*- :Jvp 

(Ji.jJll jJc Jl£>J1) ^=l*1I! SjLiJ : Vl 

^itil ju£. J^>JI :ESS 

jljjJ! t-Ia^jUl jLHI :Irot 

Sjl^VI s^b4.jLull:Iy 

oli SjljjJI cjl^j^aXlj Amplidynes (jjIjuLxVI SjIjjJI <-<ij .^ti ^ Sj-<i^= L5>>-t HjJl -^jjj 

.Independent excitation rotary amplifier iiai^l ZjIjVI 
rotary amplifier 

*t 1 £ 1 & 

output ^ 






SjljjJIiu^aJIcjI^aJLlKn- Y)J^r;, 

: Relays cj^U-jJI I o - o 
(J3^=3 jjus\1c VJ ^yA La cj^L^jJ.1 (jV ol^j^=m icj^ta jj-^-iis Relays cj}L>.jJtl Ll>.jj| jJLJ 

3jJl£ Cjlj p^~~ ' **■" ^'jLit aI JiitL-uL) 4_JLc 5jJ^ Cjlj ^ J.'J j^~- J-^J- 5 4r p^~-"""'^ <Lu-uL-u2l L^ZLojIsj 

(_ r ifcj i^^itl p^~~ i selul ' - ' ' 4aJajLa ^_ "j"'^~ ' ' ^ J^a-" i n"t (_jjJI ^-i^sLLsJI «jfcl ^j- Cj^Ls^J,! j_lL*3^ . aj-(.t.Lg» 

CjljLil I flJLa r-jjsoj aj-Lt-f^o «jji^ Cjlj CjljLiLi <J-«-*-i (Jj^i' p • u-aJI '• j^ini^ (Jl 3 aaJajUl J i a flj ajLc 

.AjJLc SjJiJ9 CjI j ajLiLl J-g-tj (_£ JJ! _>>-VI p m£]| IL. p^— — "It j^JlllJLj <_L^jJ.I JJufull OsjMJI p^— — "tl 

_ it _ 
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f-xa^. (j^/ Nonlinear 2jU-^V 4_c=_usI_<jj>j 2j^^^"i-,..i ^^al^i^. cjIj> j-^LLc j-ji<j cj}U*jJ.Ij 

vi^p. ^ (^JliXI jj^aXLi L^LiJI £a}U]l £fa V L^JLa dU Jl^sj J^^' '*V lS-^' <jr-"^L> Lk^ 
a '--—i '"I" - "X t Cj}L>.jJj I <>»ii Jl>-j-J I -i 1 '— 3 «L>-j2l OJulLoj 4_u]m_jj ^LuLu Cj}L».j_U I j * a _L3~^_l3 

oLa^lala 4- ^3^ >^=' Electromechanical relays Sj^/.i^-^^"^^ o}L*jJtl >lL<3j 

^j^— i Ij .4jI^I (J^iji>.lj 0j-«-C j l*sj3 J! l£-S|J i^j^' J-a^l Ja^a-aJI Jtlc jl (j-ujj^tlll J^Ic ajlj_ii (- < j i uJ 
jS L^-t^njJ 4- cr^L"' j uaJbt^a ThyristOr jjI^jjUI AjLJeluiJ ^1 a!uJlj»JI LujP^aJ'^l Cj}U*jJ.I 

: (jr ^a (Jj^jJ.1 (j^sl^ji^. jjlj>o (_pJI 4j i nL-uVI CjI^P^jIjLJI Lai 

.Ji-jJll Ju£. J^-jJLl JjtiVil 4_aj}UI SjJl1!I - ) 

f\ i ~~ «-SelJl ajLi A 4jjLa-"i i nlj (_U>-j_ll t _J_jJt i"i"t aJ^UI ^j^ajJI - Y 

A^M-«-Ii-i /ylajua ,_L>.j_<3-!L! flj. lSJi j '.'^~~'"' (J-<aL*-/a - V 

Kp=Pout/Pinp 




input v 



output 



output 




1 



•A 

/input 



electromechanical relay 



thyristor as a relay 



^jji^jill J^jJUj u^jil^j^jp^? 1 J^j^ 1 *•( w_ Y)J^=^ 
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: Magnetic Amplifiers 4n,nULLUI ol^^aJU "I- o 

4- SJljJlA!! iLLoJLi jLi<ij JjVl f-jiJI iwiLLiim ca\j^sX\ ^ fl^jf ^iiMii c$-u QA- Y) J^=ui 

t±Jlj]| f-jiil Lot • Jj^l f >^Li jijjJS La I jl Ijjin't JLe jj^" <_LaLts jj 4JLi jLi*j ^Jliill f-jjilj -J-jj^— " 
r-Jij-s-Lllj .4_jJLc ■* j^— lJjSI *' S jj ■=* *^— i \j J^isVI ■* La 2 * ' J-*JJ AJbLda Jq^auJU ■ ul lt _ys\^- «d ^jLi JLLa-La 

W(s)=Vout(s)/Vinp(s)=kv/Ts+l 

.(J-JLilil'JI 3jJl3 cLul a t^~ ■ i at '< i \\\ j d j ^ — i i"l"i , ., VI 1 /j Lai aa. CjLuxJj 



magnetic amplifiers 



(inpul 




ixuulaliai OJ > jgaXI ;(U- Y)J^ ,t, 



i\ 
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{Functional Operational Components Xuula^Jlj 2UuLfti I jjaLoll- *V 

- r-j-Lail - *_a->JI '.(JILa 4 j i iiL-uVI 4_ul i n-*JI CjLJUjlJ! ^j'-^* • ' 4 1 1 nL>Jlj 4 jAjUjtl j_^l_L*J| ^j £" 
l_£l (ft-Lq »^»"t 4_aj^j •Lij^j-us CjLjJUjlII oJufcj J„l<^-.",tl- J i >. 1 A" 1 1 - 4 q , ,.^tl- (_ij_jiaJ|- j<ujjLc.jJLII 

^j^o ^vi"! A^—,~, r, iyCi£.^AJXji ^ji »^~ (jj i (i j i^t,l el u", , ,,i j^j .^^Lta p^— »■«- ' (jj-il^ i_^J Controller pt^ia 

•.Electronic Operational Elements ix^UJI ^Lujp^jyi j.^h.tl 4^^ \- l 

<_L**3 ^pJ! ixuiUuVl SjjJail! La! .(IC Op. Amp. 709,741) L^ia c>c>i Li>^=J cJ Jh u - u ^J <u.i*'^" 

(J^a ui 4r ^-M 1 ' 2ajjJ,l 4jJlji1!I (_£J 4 a j la * 1 1 Ij^jlcl Ijl 1 j -i g£ ^j^— -y'a j Lai *»tl (j^a icj-a^J,! ojufc L^j 
CjLJ^3l« «JlC Liulj <r-j_ieJ,l Jtlc Ijj 'j' : ~— 4-ajlJLa Cjlj (-J^p^aJj j '^— i a ^j-a ^j ^— i ""' (-Jfcj *~ V) 
oJwJ <Luj^^=l!I LajLSil (j^l_LaJ Zj2\S),ZjI\S) <L*£>- 4 a a La * 1 , 1 i 7c_iisj_a jjfc I a ^~~' <Lcj_ii5j_a ^j^>-l 




integrator 



ampJifier 

op, ampl. in closed 
loop 




reaf differentiator 



aperiodic element 



4_^UJI Lu J[; -,^-,tyi > u a LuJI (> aju;(^'\- Y)J^-,,t, 



£V 







lIUJlij ajjjj,l AjJJlLII jL^-a IL. eJ^xaJtl Z2(s) LajLULi jUI jLllU LjjL_u^j UJ^~- .' Zi(s) LajLHI 

Vout(s)=k.Vi(s) 
Vinp(s)-V 1 (s)=I(s).Z 1 (s) 
V!(s)-Vout(s)=I(s).Z 2 (s) 

W(s)=Vout(s)/Vinp(s)=-Z 2 (s)/(Z 1 (s)+((Z 1 (s)+Z 2 (s))/k) 
J^U LJUJI i^sJI ^jubj k=100, dB=105 (j^ IC.Op.Amp.741 ^. ^ jm^qH i^jjLij 

W(s)=-Z 2 (s)/Z 1 (s) 
( ^ =L4 j I^UiJ^jj Electronic analogue computers Lug^aJVI sL^UJLl oL^U. <-<U j^-*j 

dlli j-i^Lic p J t i ■"■" J I is Lis 2 Li 4.lluLu 2\ 4_niy UjJ I CjLlLjjlJI x_l<u>o ^J-23 _^ Lie j CjLJj^suo p J i ' -^"' 
4j9^L*JI j^yuLuj] <JLc 4-a-a-uaJ, I 4_ujjL>JI jj^aLLaJI ^JaJi ' O^-J-l O ^~ Y) J^— » uia 4 aJOJeja (Jj^jso (J'j-i 

:Pneumatic Operational Components ii^UJI iLul^J! j^Li*]| *£._$*** Y- "\ 

(jl ^j^— » i ' (_jjJI <LaJuie 1 1 '"'''J^~— »il 4_i_uljjJL) ( _p3jjLJj ^cJ 4_uj_p^=J^(l 4_ujjL>JI j-uaLLttl <Lc.j_a.3ia __L 

4_uj^_=__JI j^ljjJLi 4j^>L>JI <~.l*ij^-.tl tr A ,-,r,j^-,ti ^jl^, ^jV LiUjj Zi(s), Z 2 (s) c.LJ3_a-tU J^ta <_L>J 
olJj^-iU (jLi i£._^^>JLl oJu*. 4- ^ .Capacitors oL£^=Jilj Resistors oLajLUI ^j iaj^-Jtl 

4j_jLIu O i njt L^JI jl (JjJUejJIj 7-^ (lit I ^j^« ' (_-)] LLa r-LL>ij JiJS I j -i j -i LaJ -=L (Ji^-Jj /p-t' **.[*.; Je-JI 
Jl2-i VI (^uiallll (JL=ta ~L J 4 C 5 -' •"^ J 2l ^jj>-I 4_l>-IJ (j-*J *rP*" (lh° ^tHJ-^ - ^ 3 ^' t — J H?^ 31 ^ '-^ = Al JlJt" i h^I 

•.Pneumatic variable and constant resistor SjSIj^JI c^LajLHI ^ - Y- ~\ 

*I^JI (jl^t 0.3mm JijJl>- IL. 1 ifej Ua AJjt mi 4J^jj| AjLsr'nn" ^.,_l>. (Y*~ Y) J^— ji IL. 4-Lu-« (_^-Aj 
4-Li.t.a 2j_il (J^ls J-<-*^ 4 rH'-^ =La l ^° > j^~~'^J) Z j ^—^ a 1 1 (joiAj aJlJt" i n"^ a^xtlil i^jLiil 2— Lai c,Ji>.ljJI 
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JL 



pneu resistor 






^- p * 



vorioble resistor 



^— ' 



IP, 



copocitor 



nn~~iif 



rr? t 







*-P 



sumrnator 



n 

-p 
-p 







1 



*- 



■» Pot 



rn 



4 [ i uL>JI 4_ul^-JI j^sLisJI ^j-^« « :( Y * - vj*— ~ i ,". 



M 
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:Pneumatic capacitor ajjIj^I ^,,,11 j| < aS^aJll Y- Y- 1 

Jl>-jj S^jJlLo 4_j_il^jfe <L*-<-uj aTuIj 4-ul^jfc 4 t i (i Jl^^jj i loa Liiai, I $.I^JL> »aXc_fl iJA-*_a j*^*^*- jj-£- ajLt-C _J-Aj 
i ^".^— tl t_4^=j3 t>uj (Y*~ Y) J^— .^.j .Lul^JI LtiaJI jjjJu d".U,„lj. j^— oj BelloWS y-Lala L#j 

.4j (_^3L>JI j_ajJlj ^l^jjl 

.Summation and comparison elements £>laJlj j-^lj SJjim >coLic Y- Y- "\ 
^Ul s ,i^hJI ^l! ^p. (YY- Y) <(Y^- Y) <(Y>- Y) Jl^,t,Vl 4_ 4-L^a L H l^ ^j 

is Jut] 4ji^_ajJI ill La j i ii^JI I ua ;| Cxjiag f I i ^— ■ CjljLij *-Jjt L^' N J '^'"~J (Ji^jJll Jtlc (j-GjLij (_gj j L<aJuu 
(_>.laj ■* flJLLsoa ill La. I . m ilili 4Jj-« 4-u"if. 1 I j Lu J i <a aj i_ 3j-C. «JlC (JLc j-i^LL*JI oJufc jj-s J^~~ ' ^jIljxjj 

.Nozzle-flapper i_j}Li!lj iAjiJI c-^j ^ t>-ulj-a> ( jj j> <.^ir jj^j Ld^seia 




summator 



pneu sumator 








P pneu. follower 




power amplifier 



% [ 

V 



iP. 



* : i 3 



"f 



P. 

otm 



Po 



4-xjI^JI j-uaLutJI (j^i + .l '•( Y \ ~ YjJ 1 ^ ,Zi 



e . 
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•.Pneumatic follower ^1^1 yWI i- Y- 1 
•.Pneumatic power amplifier ^1^1 SjjiUI j^=ua o- Y- 1 






i 



-t 



■th 



-±- 



^ 



^^ 



t 



v 



± 



^^ 



■ih 
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^ 



p 



Ap 



1 ,, 



p r* 
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ip 
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P l P 4 



H^p 

11 


h 



P * P 3 



Pneumatic relays 



S^ljjJl ^^ji! :(YY- Y)J^ 
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P H 



i 



T 



& 



P^lP/P.MP,*?,) 




Ht- 



pj~ 



I 



Po 



P o- P t -^ p 3 






J-h 



i 



i-H 



-£ 



P — 
P 2^ 






■E 



P = P P + p 3 



P °-Pa-P 5 



a r a 



p ■= p - p 



■ih 



* 



T 



It 



i 



* 



■ii- 



i 



* 



pa 2 P 

I 



V *e-P 2 



p * p 



mathematical operations wfth summaTors 



jjSi^i C1U4.UJI: (rr- Y)j^ ,t, 



:Pneumatic set point device ^I^UjLi)?! tkjLb 1- Y- 1 

Jo-uis pjj i>t.-L>. (j-Lta JajLiia Cj I j e j Li I (_ylc (J J ' -^ "- 1 1 > j^-—' <a ' 4gla i •■ I_JJ_J ( T i Y ) J*"—* ui e_ lJV"" _9^_9 

:Pneumatic relays 4jjI^JI o>U.jJll V- Y- 1 

^^-'J"' ' "VI ' j ' -^ I J "*- J Cj^L>-jJU ojufc (wia^ ' 7c_iisjJ (YY - Y) 
_ et - 
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~ Y) ( ( YY - Y) (JL^auii Vlj t Lkj^aj (3^-" Lr^' ^PlW' J-"sL**JI aI JlieluduL CjLJUjlII ojufe CJ Jloj JiJSj 



*^a.- 



(>uljS (j^y (3^*^ cr^' ^plV oLJaJll <_>iaAj p m ■--" 2_j compensators L^LxaLbjJI 







X - 


- 

-r 


w 





integrotor 



©j 



± 



-£ 



differentiator 



9 HE-h 


p 






Tj p 





aperiodic efement 



p- 7J<p,-p a ^t 



T ■ 



UR& 



p - TiJPl 



dt ' r l 



ffftB 



T v 

SR& 



^J 1 ^ ^ :<ja\\j Z ,,..\^\\ 2A\j \\ j ,~\;.\\ ^j\.y(X$ - Y)J^— ui 



ef 







: Compensators '^SLwUjjlII jdl^*J I ( uVJbu ) JjJUujmLLa - V 

(_p3j_i_) ^ I 2 2 1 , 1 0j\ a **- j" 2 V I p ^— ■ "-" 1 1 CjLo^ks_La 4- tjj ii'^M L^juJaJ i ** 1 1 ja ^-— 1 1 1 ^j-° 4X-J-*-*-* Lr-^3 
t _J_LJ3 ,^^0 «lc.j.iiijJLl '"" 2 Lai aJLI *_a 4 2 2j a I jl«~- ■ 4-LLt.o ,d ^^~" '^"' *' N J 4_l^=ljjL1uI ^^IjS- ( _ T i^- (J J lojJ I 
l_£JJI j-«VI t (j ii*«.1l j_i-al_L«J 4_l^=i-ujL<jjJI (_j^5lj^>JI (JjJulII aJlJt" i uJ (jy^S LiUj JI isLiis^fL) i p a i <a 1 , 1 
p j o i «aj II j •»• .lsc L^aJI j1_ll>. ^1 (JLc i - 1 1 gala-ill «.l j| (—iSjIuj .«.! -}| (j i n^-tj 4j9.} j '^— >| j_i-al_L*JI tfjub (J-t^vj 
CjI^j_ujIjLl!I jLll>.Ij jj-al_L*JI oJl^j i _j^3L>. aLcTlAI i_l!l_Lfi> (ja^a ) (j) (_o.j LlUjJ (JjjLtlll j_i^l_L*J >. i i uLllI 

. L^j <u-aL>JI 
Active compensators aJU^ o^ju^j Passive compensators ^Lu cjVju«^ JI cj^jmil p < » 2 mj 

Lead-compensators j^lall 4- <jw-" °' J cj^ju<-« JI p,,,^ ^,42 o^jl^JJ 4_^a_ual_bjJ| ^^l^iJI 
ota-spll (j^ju jlLc. j>LaJI 4- Jj-" ^li cjVju«^j Lag-compensators j>LJI 4- ' ^^" ^'^ ^j^j^j 

.Lead-lag, Lag-lead y>H\ l> ^jlJ\ j^ j>La]l 4- ■ ^IVi olij 



Oi 







{ Servomotors Bjjl^tl uLSj^til - A 

p*~ ' Sell] I 2jLil Jl>-I_i <»i~p* 3 JlJjJLI 4jJlJuJI j\ i na ^_ 2.ijj»*jJt,l 4_jJL«JI 2jjJiJl jji.ua.fl jj'|i.' tiJ^jJi, I J-p-<-l 
/-JaJU (j| » ^' / "~ ' "J^ ' ** ' iaAse * fl sjJ^9 Cjlj CjljLiful /y-Lc (J-a-t-l «u aJLiLuj j-cal if A^.^jiJXJi ^ya «Ll <U^sL>JI 

.Final control element L ^l^\ p^-.^l j-<^i£. J-l^-jloJ a^L^= SjJls oli £ji&Jtl ju£. ^jljLiJ 
. s^ijiuti a^ij i,i tL Plant 3 ^j^—^t i ^_ p^——".ti »^u~, ,„" 4 j i ulia ajjJa li jj^— .' jl s-^! ~ ^ 

4j».|j^Mj 4_JI 4i>.l jJI p^— gelJl SjLifuj <j-u iajj^taj ajji^ta 4J9^Lc tiJLufc jj^-— _' (jl c_cjvj - Y 

.r-jjtil J if SjU^.t| jj AjjIjJI 
.(jl^-i az\ jjJLj.L t .L o (jy3l J JJ L<a3 ^j^. I J (jj'^"" l J (jl c_ uv j ~ V 

:(_J3VL^= *jj' §-^' ^jL^=J^>>Jk' p J 1 "•*" ^ <Laj}Ul illl aJa^JI jL><jl > j^~' a 'J 

«GjJj9 (_ll ) rl~>- - <_) 

.(-jL^-LlI p^~~ LSelill j . a * » 1 J 4-1 4 I i -^" 1 1 4_J VI '"'' '^^~D~ vljl^!LoljLJ 4_uJ_lo p_L9 <_ll i n~>- - dl 

CjI Jjc« j^a L$J J'^*' Laj 4 fla ^— » *- 1 1 Cju^^auoj 4jlj da ~ I 

p^~~ LSeluj i ) alLaJ, 1 t J_<a^>JI 4 «.; Jaa 4.a.L3 ~ <_! 

4-Lut-<i -s^jS tiUlib <-.*<l^-. La I jj jjljJLl ti!j^>J,l jLtJij ujj ~ •— J 

Lajliitl £_ (^yjL^-LlI p ^— -»-" 1 I jj^iicj jj'j-1' ^J-^' Jaf 4-t_Lil3 - Cj 

Ut^blj (Jj^=lj 4J| il jjljJLl ^Jj-^-U f^J jLilkl 4- J^=ul^ (_£l ciJLiji. jj^^j V Jl_y>-^l tjxj-jit^a 4-j 

I j* fl (JjoLsTu (jjJI d flj^— ! ■>.! I AjlllLsJ L«_u 4-flJ-Jr" I rlj I u (^jJI ciJj^>Jkl pJJ pistil 

:Electrical Servomotors iLSLj^aJI SjjIjJtl cjL^=j^>JlI ^- A 

j-l<Tij (jl J^ 1 — flj i,^ JJ I ^uljJI (_£JlU Jl iaLiis^Ll Jj«u,i"tlj 4Jl-LLaJI 4_ 4J*^ ...tl < -~<l^— j^t I (j jjt jLl<iJ 
SjjIlII CjL^=j_>Jkl jj^a pj-LlI IJlA A-Lfl i ^-" ill I aiaj» j^>-J-i (jl ^j^=Lfljj CjL^=j_>iil aJ.Jk 2jJ^ 'LlS 

Sjjt^JI diLii i oa. - \ 

.A-l^aLjLflLLljJIj A j/~~ 'S" ' ■ ( _j^sIjJkJI (_ll ) n^>. - Y 
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.(jjj£j3 (Jj^Lli^j (Jl ml i iiLi aUu ^_ p ^— i -»" ' u 'j j^- 1 'jj'l- '-^ = J- :e - a L^V -1 ( ' ^ _ . J*"""* mj 




servo motor 



L^J-^= j)l>» ^" :( Yo " Y)J^ =J i 

: Hydraulic servomotors ^^-^jj '^M Sjjljil ob%^>4l Y- A 

«.j^>ji Spool j^-jbii c-cini ^=>a- 4- p ^ -"jl3 'j^ili? 'j* bj'j-* l^j- 1 " osy (vv v)j^= LJ i 

/_ il j ill p^-<-»-"n j i^. V «_ 1 i s jj <uij_i_u (_yic «Li3jj 4_uLl^=j ,y>.jl_>JI 

(J_jis t t __ r SU^_Ll ( p' : ~~ «-geaJI j "•»'«' jj'l-^' l -^>- >, -''>' (Ji-^J-* 4 Ij i nj '•jj'J-^' liJj-»Jtl-> <U^L>. CjuLu - Y 
pj idJ_^>Jkl 4- aJlJt"ii nU OJJ-II po_) 1 A-l^auJaj ) ' il 4-J1 aia i u2M (j "J^"* Qj '? c -^j'-^'' ' ''*V Jlj '""3 

.OjjJI 4_l«JLL3 ^jj3 r'jLJKJl OjjJI ' *Jj '-•'" (J^*-« LLaajiia 



spool valve ymn 



A P i» hyd. cylinder 



i ^--Vm *Y A yfo 



V J ///XT' A I 



y///Jl-'^ E/?z?xl 



r.% 



spool valve 



i^jj Jajk jjl La udj^ta :(Y"\~ ^)J' : ~~ i '"' 



el 







: Pneumatic servomotors -uSIj^l SjjIjXI oL^j^Jil T- A 

(_yj l^a-J I dJj^-iX I p J 1 "•*** ^- A Jl^-"i i n" (j I ^j^— > i ' ■ ^— > j ] aj Jl-vJ I Ld^jsJk I p J -i LaJ ^_ 4_a JlJt" i h\ I 4_2jj_LaJ I (j I 
£ya fl^JI »JlC cJ-^J (YV - y)J^— uij .AjJtltjJ,l x-jLU 4Jt-ulaJ 4_i-aL>Jlj 4_aj}L!l Cj^LjJulLJI *lj-»-J f-S 

5 The final control elements /JL^UI fl&tLM ya H&- °i 

2jLil /- 2 1"" 4JI jl riant 4 a a ^— > *- 1 1 *_a 2j_iluLi_a (J^aLtL) (_£Jl!I j La-Lidl jjfc (^L^-Lll p^~~ LSellll j La '^ j '"» ) 
4 ^J *— • *- 1 I ij\ A~k\ Ull (_llj ( rill (JjUL4 Lr^- J - ' "Jl3 p ^~* "*•"' ' o' ^ 1* - ' " ' p ^~~' -""' * I jLuix /)-« 

.Controlled variables p^u^-.ti oj^La ^4^ j W ■ •■.' o' fjk""-"j cP^^i 

CjLJI aia 1 ul 2j^.i^-> A_ ^'J J^~* *'J ^j* : -— ij^jj l j, H (-jLg-LJI p ^— » -»" ) I j_LaLic LiijL-u I'i^^-iN JiJ9j 
■ -il j Lll p^~~ ■ seHJl j '^'^ (J-ii i"mj 2jI.}2 4j allai, I A^=j^>JI ■ La »" ^jjj^j J^oLi^j A_uljjbj 4_^=ljJ jj jLjjb 

(jj_« *Lii£. Ij (^Ijjb p^— ■*-" aL«-l3 D'Sy (YV - Y) J^— iSi (jLa jj-al_L«JI i>juk ^J iaLis^Lij 

.Pneumatic diaphragm motor control valve 

Jl (Ji-ljJI *l_a«JI LLaJLLa (J-U 4_ilai>. 4Ja}J_£. dJLlifc (jj^aj (j| (-.t-^o 4JLs aI -i LaJI IIlA p_La-«^sJ Jtl£.j 
a L»jLaJ I 1— JLa J^— » uij »! ifujtil (_ r 1 1 1 111. I jLll>.VI (JjjJa ( j£. J}JisejJ lju&j a! a LaJI < JLa 4^=jj>-j a I uaJI 

' °D '^" (J^*-* 3 ^J-X-4-l i"tl"w^U"J^-i II ( j J o A La-LaJ I pJJ jLlLSwI (CJ-lj .*-)L!U <— 1M I n<l JjiJCa ^_ p ^— > -»" ' ^ jJI 

p^o '^-" IL. ( _ ;r ij/Lj/^l jILaljLJIj aI ' -— ■ 1 1 »| u.if (jr JLi jiiji,! ctai LaJI 4-a-iS . <lft^— j 4 a^=u>JLl Jl «JUI 
CjL^j^ Mitl Cct-iiyj Jl^j 4 "j ^— » *- 1 1 J I *_)LU I gJLa i—)l m-ij (jjJI a La-LaJ I 4^tTi£ j '-"■<* jjt> CjLaLja^aJ! <?Jui 
(j-o 4311^3 Ij^jj aU'^iII faJ jLla.1 j-ci^a J^. J I J^x^j Nomograms CjLjIj^-j^J ^LallJeJLl 4-ull LlqJI 

jj (JjLjkJI j-ifcj (_jL^-<JI p^-i-»-"ti jj^Lic ^yi j^>-l i-c-j-i 1 '^"' Cy^ (YV~ Y) J*^-* uij <*il-*.jtl"i<^-.tl 
^ LajJii aJljcIcuj (^j 1 Louvers 1^jjxZX\ oL^^il iiHJL^= j^-jjj Better fly valve (j^j-SJI 

' \) ' ^~ *^J^J^*-« (j)\ 4j>-L>- Li!l_ak (jj^~~ ■" La-^ j*^ a '^^ (jr^ 1 '^"* '^^ 4r J '.'' : ~~' tS>^ ^JL'-* (jj' : ~~ l _' 
L^_i (jt -l*-J (_pJl ^ a j ^— » *- 1 1 4jt-uia (^Ac ' ^ a j"" 4 iil"-»-a jLulj ^j'^~" ' uil dili j^^LutJI oJJkj »j 'j^~* 

^a a * a s 1 
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{ Regulators or controllers uU&Ul- \ ♦ 

4_)LLa_i (J-a-*-) 4JI jl (_yjLajjj2l j I (j^VI p^ ■ ScljI] a a j La I a ^_ aJa^xaJtl j_i^l_L*JI p_a>l (j^a p la 1 1 , 1 j-LLt-i 

i_3jjJaiI Liaj p^— ->"^ cjljLi! (JLj/jJj cjIjIjJLII jUsoLi ajJL j $a < LJ 4 < < nitL) j ^— a 1 1 j j-jjJJ (_Loj«JI 

( _ ? jJI (jj/Luitl aj^>.|j (j »->tl j-usLLc (j>J <LaJuie 1 1 oLaaLdj /, 2 1"" j-fkj 4 "j *—- >J> L) <Ua-pJLI 4_l>-jL>JI 
p^~~ ■-»"" j-j^aLlc (J I 4 i i ii a j 4-ij i inra CjljLil (JLj/jLi aoJLj I j^ a P^~~ '"-"'" CjI^jJlLoj 4 a a ^— > *- 1 I t_*Jsl^3 
Jjju jl J I CjjJu>JI ^_ 4-iia.tJ I o JlA> j q"i i n^j CjljljJitlj CjljLfu^l i>Jub J J a *"" mJj^-VI ^jb ^J Sj 1 (^L^-JI 

: J I '*" a-la-ill p i ■■ 2 *"j 4 i j I U 1 1 1 j". q j a JJ d a^^— , -».t 1 £_ p ^-» -»" ] | CjI^jJlLo 

: Classical standard controllers SjJuIaS oUlaia ^ - V 

Ijokj .Control strategy jl Control law p^u^-.n ,u : ,„, j^ll JuATu aj£> <^JI oLaJa-UI ^j 
(j-o fl_aJ^I oJui> <4-i d '^••^jj) d vi'^" £- ilsL^JLi j-l^Tij 4JI jl 4^1 ;,^,tl £_ aIjljcjjj/VI *_jLi f-j-JI 

Ajjjj 4_i_ujL>- j-usLtfl (_yic (_£jIL>iJ (4_ulj_fl> - 4_i^=l : lIjjJl ; l4i ~ 4_u J_p^=J I ) 4-Lulx jjljj (_iu l2)l p kill, I 

Cj Ij-i-tTu tt a i n < j| LjjLS p^~~ LSellll (jjjLa «Ll3 jj^~~ » ' f"J-^' Ljuk (j) (_£l i p^-.-»",lt (j-m_a (jjjLa j j a *"" 

p^~~ LSelJl (JjjLSj 4_caL>JI Cj l^!Lo I j LJ I p_L2 j-i-Ltj Q-^ 3 < ' ' a la-UI j-a pljj^l oJJt £—j -^^ <uLuiio 

I j La S ij I U 1 1 Ja^ ("itlj '"" flj^al aJ ,| x_a j^~" siljl 4 aa la * I , I /— laju (^Tt>. 'UjJj 4^jjJaj 

•.Optimal control controllers JlaVl p^-^-.tl oLaiaia Y- ^ ♦ 

CjLajlxJj (JLc J >^»->. t 4J! jl 4jJlj121!I CjI -i la-ULI Jj-a I JllSju j '^— >| 4 ajjaaj A^-S-J '*" aJa-UI J_>-a pJ-J' I Jubj 

p^~~ * **- ' CjljLi j/ 4-Lulx pj^ (]_>£. <i-3e_JLi (Aj-Sj p3 ^ ii*«iH ^.i-isLLc (_3J^Ja ^j-^- p^— 1 ~-"'' Cj Ij-JlLcj 4j^sL>JI 
LiOJijso (J-JI mi" It (Jiil i_3_ajJaJI oJJtj 'uj* '"'"' •— ^Jj-^ (J-*-*! JlIc Lajlj 4 a a la * I , I (J-t^vj (j| « jiaj ■ •■" 
Jl 4 aj ^-< >, 1 I CjjjjjLLaj 4 "j ^— » *- 1 1 ajLcl ^yik p la 1 1 , 1 4^jlij >jj^~" '" u' > j^~~' a ' ^1 i<i°i .LaLuj p-a-LaJL I 
I ujjI ^j^-— a 'J .4JL>JI tfjub (j^a j-Ju (^y^jli^. J^|-a I fetle j3l La I jl ^j^— a a Cj^j fj-"' 4r 'LJLa^' I LjltLa. 
1 laa. (JJ9L) Lo^JtJ A_ Lu-t-a L^&aljj-i p^~~ LSellll Cjl^tiTua ^-.tlu (j| ,_,_& pJa-Ul 4 ^Jaa jlj^-*" (jl 

j-l <T ij z MarQware 4jjLi j^Ijj ij^us ^_ pi^' (jl j^— » a * < - » I aJa-Ul ^j^a pj-JI Ijufcj •»■ 11 j^~' a a 

Cjl I I nL>JI A I Jua-" I n U 4_aLC 4_Li_uL>- ^j-^LlC ^jjjL-oI mjAc py^' (j| ^j^-— » a >j (_ 7 JL>-ljJI I j l ^^~'j" 
(jl « jiaj i •■ ' (J-^>- '- 1 1 iiL>JI I Jl-J (J-ula 5y_aljj_i X-L&3 J-£> SOltWare pi i «a I , I 4^Lkjj (ja^aja i 4Luj_p^=JVI 
p^=u*TJI A_ 4_u^p^=iJVI CjLl^uL>JI a I JlJt" i nl (jlj .(JILa^il p^~~ LSellll pJa-La 4_i ajJLi jl /— Luj La JloJj 

Hardware ui^li. 4j_^U* j^Ijj JuAis ^ s^jfc.:t| p^^^a LLtlaj J_^m Control computers 
Aljiid^l (jLa JUJI 4j^lLuj .Software problem ^j^i^JVI c-c^LaJJ j-^Lij-i *j2>j Jl problems 

_ m _ 







fs'—- - ■*■"" CjLajjI^i*. j-t-LtJ (j-^ 3 < ' *LJI J] ' **\jj ' " J '^—T a o j ' ' (J-* 3 " ^ ^THi^-^ 3 ^^' ^Luj/LsJI 

aixjt, £ya Lu-mJ t_LJL^=iiII 4.LJJa LajLaia JLo*l jjjk c£-^ ^j ->^J <J^uij Control algorithms 

Microcomputers j'j^j-i^^jj^-: 1 ^ Minicomputers j'j^.-q^-^ cAjil lP-" ^L<-"L>JI 

p^_,^ -,ti oLa^ia 4- L^al jlsbI^I j^k. (jt^uJlI^II ^jcju Jl Microprocessorjj^^jj-i^a-dlj 

: Adaptive controller *MiJ! iLuli oUkiil V- \ ♦ 

■ k> *a p ^— » -►" 1 1 CjI^jJlLo i_t^!^.j V ^3 a J 2 * a j 4 ^— > )l " ■" a i_ajLtij oJju ajJLi Cil a-Lall I ^ya p^ill IjlAj 
rjL>JI jj^a Lj-tle j pQ!l <Lte_uJ i^j^>-l Jl i_3aj-Lb ^j^a j-tAlO JlS <jPJI A "J ^~- **■ 1 1 <UL>. <_<J9lj_j 1 <>»jl 4_L^=Jj 

.4_l>.jL>. CjljLfuL) 
4-u.t.a 4-lsc-ijUILi^i jl LJjjLs cLujLjjI (Jk jQioj 4 ^j ^— » je-aJLl (^^lisuj-JI r-jjjj-lll JljJltcjj plait | ajJLj 

Jl 4_Lu<-a oljLi! JL^jLi ^j^j xu t Control algorithm (jyjua ajj!^ jLi-J <Jj>La ^ p^— "H 

.(-jL^lII p ^— » -►" 1 1 j_i^Llc 
1 aj i " Vj ' _ ' I "j ^— » *- I I p-kutl 4la«.^La j <^-»l « «"» » <~il aaJa-UI ^j-a fj-LlI ljLd> (jLa 4 j 2 La * I , I 4_l>.Ll!I (j-aj 
Sj_^>.| t (jjLta J^^-* '"'"j (Jj-* '"'" Cjl_Li^=La i^j^JI diLLa^ta ^_ 4jjLJe_iJI (Jjj-IjJU <j!La) I J ' n Jl2juL I 
pi a^suJLl ojufc (j! jl £ (?tJL.4_Jj^LiII CjLcLL^iJI '£— A aJiielmJll jjUS'tl rlj-Jl £ 4 rij^jJI (j^Liill 
l_£Jua 4_ p^-.-»".tl Cjl^xtLaj Cjl^LaljLiJI p_L2 I j^ a jjJujj 4_Jai>.V A-uisLjj r-jLa-i Cjlj ajLc jij^-*" 
aJJt A-La LaJ pu££J . S^-iAliX I i_3_aj_LaJI <5Jl4> 4^>-lj^a 4_ 4Jj_a 4 a a La * I , I jij^~~ '"' (jl (— cjvj tilljj ^j 'j^~* 
aI JlJcjjj/Li 1 iJajf LiUjL^aj 4_uj£p^=J^? I j-kj 4_u^p^=JVI 4_La^j-II CjLjjj/L>JI a\ JtitLj/Li CjI a-La-UI 

.ikjJill LgjL^-u-uajj iilikJLl LILo-Li Analogue computers sL^UJLl oLt^L^ 

i- 1 1 iiLm^ aJ^UI aJjI^>JI jLlI^-Ij ^Ja-ixa 4_£jj_Laj p la * I , I p j a i -'■" (jl /lil i u » (jl ^j^a-a-i aJl2j La-aj 
dJi_Ls> jij^-*" (jl p J v (j inl^ .(^J VI p^~" »•»■"" '**" aaia-La p j i » -^" 4 1^— > ili^a i_J j-p-*-* p^~~ , ~-"^l 4-J.a-tJ 
4 ai^Ui L^j j^>.ji,l p La * 1 1 CjIJJuj 4 * j La ' 1 1 <?Jui (J-a-*3 (j) Luajl p j 1 ,1 ^a (Jj . u ^a p' : -— ■ ■>• ' <Laa.La.La 

p^ II l j J a ,jj^~~ » ' p J o ' -^"' 1 1 4 1^— > ■"■ a cJL>- La lj|j .4_La « > a UaJL I i_£jyll j t>» t (j) ■» J ^"' ' " ' £7-^- 4 ajl < « 

■ pjl i nil 4jI Jl (j^a Jl^=LjJIj 4jl^ILaljLi 1 La ■ 1 ia ) aj^j (j^*- J^>-l JJ lA 3 *- (j-* p La * I , I jij>.Ij_i (j) LiJajl 

: Theoretical classical Controller ^juiaitl oULalll 4- ^*>k-tf1 <£=*o£l\ crul^ i- ^ ♦ 

:<jljjL!ul ajLc pJa-UI (Jl Ji«-J>J AJjuiSrJI cA a-Lalll IL. 
CjI^jJlLI 4_iLl2JI aJL>JI ^j£. jjju (j^J (j n^tl j '^'^ ^Jj^La ^j£. pJa-LaJLl j^G Jj^il SjLfuVI ~ 

p ^— »*»■" II 
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.Reference signal Ll^jJ.1 ji iJjLill 2jLi^L> LliL-u SjLi)M olut co^ 

piaJll /J) Ji-JJ ^p- f>JI L^-Ui >4> Ul« *-jLUI (>^=l!j (YA- Y) J^aui 4- ^^-° 3>^-" 

Control p^^-.ti SjLil ^Lgiil p^-"ti j..^: J j 4_La rj^oj Error signal e IkiJI SjLil 
SjLil lUjjj ^1 LjjisLpi £a}UJ! j^ 4JL Control law p^-~ti j^La ^jjuj action p, 

H=f(s(t)) 

controller schema 



R- referance signal 

y - controlled variable y 



Jr\ 



M 



M 



-H 



M 



4jJ-lIZl?I Ol -it^-tl pji .^".t iAJliei,! 3>^' (YA - Y)J^— ,*:, 



p^~~ «-seaJI (j-uljJ9 ^j-a (lf L *- /0 -iJ^ jl Jl>-I CjI j jij^—" "'^^ * "** CjL^=^ mil I JT - " 1 *"' ij^' '"'' i kill p '-^ « a j 

•.Proportional controller (P-controller) ^^LiJI pJaJlM- i- V 

H(t)=k c .e(t) 



'^jj ,: — ■ ' LiUJuj i u^.il SjLil *_« I jiai 



W c (s)=n(s)/e(s)=k c 
. Controller gain «dj-u^3i]| J^>L_a jl pla-UlJ v ...^ti J^U^a k c ^p- 



•n 







CjI^-iATlU 2— p^~~ LSellll puJJ £ K c _a-4> pJaJJu I Juk ^_ 4_l3 p ^~~ '^""j d U , , >, j^uj ^ jjl _Lp-jJI ^LoIjLlJIj 
ojuj 4 j i nitLi (jr ii5m 'A— CjJl>- Li£.j J i au uiX\ 'A— <^JJ^ejjdU Li£. J-Lai] I i 3j uaj A-U^fl LgjJL>- (jjjL-ul (jyic 

•.Integral controller (I-contr oiler) ui^--,tl pk;t| Y- i- ^ ♦ 

^Isalji (J aL^aJ (j! jl p ^~~ '-►" " CjI^jJlII jyiU! ^_ CjJl>- La (jj/L-ul (JLc 4JL>JI aJJk A— p ^~~ LSellll pJJ^J 
SjLful jj^~~ '"' <UL>JI <>ju4> £_J < (jr iim £_ CjI^-iATlU <>Jl-J CjJl>- Li£. «j^=l3 ^ La »_' I La -•- 1 1 ajLil 

• ijft^= p-L^uU W c (s) J^UI ttbj (x(t) p^=L^UI 
n(t) = k e £e(t)dt 

W c (s) = k c - 
s 

(JlLaj K c (j) j^=JJL) jjJl^>JIj K c J-fi>J CjI q l^it,l £yi fjiJI ljufc £- **-LajjLa ^j^— i oj Ju»- 1 j ^ILa I j L) Jl»-jjj 
4-t^=LjjLLmVI ^l^k!! (>JJ (Y"\- Y) J^auSij SCC 4jIJl=«.j jL^ dlljJ LLt-t-a Liloj Lblij Li_ail« 

.AjJi-JLalJI ol «JalXI IL. Aj^JaiJI p^— — "^ (>ul_a2J A-^at-uaLbjJIj 

: Proportional-Integral (PI) controller u L>\^-,-A\ er x J _ u LzLtl pkUt X- i- \ ♦ 

aJIjij |Ll(t) p^— — 111 2jLil jj^— " aJL>JI o'jjt 'A-j .Zjl£.[±uol1\ p^ 1 — — 111 ol *jfc»;* IL. aIjls&L-u^M 

:<^L£= oUJ^uU W c (s) Ji^l 

^(t) = k c .(s(t) + i-.J o t 8(t)dt) 

w c (s) = k c (i+-L) 

:i^_p- KC,T; La_4> 1 o (j Vi j i r> ^j^— i oj lT^Lj l^J^d pLSUl I Jakj 

.Controller gain , ,,..^\\ J^U^ :k c - 
.Isodromic time constant ^jj-ijj/^l cr^j-" c*jIj]| :T; - 
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AjJLilSltl CjUla-Ult <-i^3LXalJijjJI L y>\j~>*]\ (Y^- y \J^ ui 

•.Proportional differential controller (PD-controller) ^^jLbLnJI ^^Lnil pk;t| I- I- ) 

luil -l^-'JUl ^uLul ^Ic X^aJaJi, I ^r- p ^~~* "*•"' ' u' i* . ' ' "' 'LJLj 4-djl 1 oJl ■ " ' I o-la-li, I £y£. j-uCu pialX I I Jufcj 
(j| c_l--vj > j^ 1 — 1 1j j'<*" ■■ 1 1 A_ p' : ~~ LSegJI Cj ImJlLa j-<-*3 AjuoIq f-^^Tu 4JI (Jl ^Lis^u p^~~ i-Sellll CjI^jJlIX 
j_y.li.ljJI t _piJj 1I1" It 3 1 1 nitu a J-iJ ilit I 4 mi ill 1 ii-».t «La I JlJcTu-u I 4_ ^.!_c==> jJl>-j <lojL^ <L)l_t£. ulILLa ,jj^~~ ' ' 

W c (s) Jj^eitl aJI-jj |u(t) p<^— ~t| SjLil jj^" aJUJI ojuk 4_j S^a^lXI 4- Noise ^jUJIj 

• ^l^,-.l n b>: n lt 

H(t) = k e .(e(t) + T d .^) 
dt 

W c (s) = k c (l + T d .s) 
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: PID-controller ^^UUI ^L^UI Ly ^ u LUI ^kUI o- 1- ^ • 

(i(t)=k e .(s(t) + i-.£s(t)dt + T d .^-) 

W c (s) = k c (l + -J- + T d .s) 
T.s 

•.Electronic controllers ^w^-.^tvi .-.l n U:t| £- ^ ♦ 

I, PI, PD, ?jj (jjs LtclluaJI ajjuIaJI <-.l U»;tl Q^jtA z^jj-^\y\ ^jUUI (j^_u (Y*- Y) J^=u!m 

.PID 
controller electronic models 



I - cent. 



vD^" 



PI- cant 

-0 ^. 



C^ 



1 - R l c . 



-0 #- 




2 C 



PlD_conr. 




•.Hydraulic controllers h^=uljjju t l\ o UlaH I 0- ^ • 

(Y^~ V^>J^- uij pt^;tlj 4_^>L>JI SjujJ.1 Ajjiilll 2jjI-> (j-a ^LaVl jl uiU 4- ^J^-jbj'*-^* 2'.|jL.„V| 

<cu_ii v ...^- j^l«^ oli ^aJ jjju^l r.i jU,.. Vi ^i jLo^l tdiij I-controller Lla L^au UiaJu <jr^j 

CjLiJujJI JuaitAj ^_>ujil J^-JJ O^ Pl-COntroller blo L^au 1 n . n lJj Ukla L^l dJUjl^aj ta j-^3 

( _ 3 JL>-ljJI Jjl^i>.2M ' " ' I ^3J *»■ " CjLCj_i-u ^_ p * : — I ~»-" 1 1 ii— aJlJ-" i h" i"il ^Ual aJlAj .3JlJj_U ijjJuJI Jl i n a ^_ 

.4_! ^j-aL>JI | _ / ^jt^->"tl p i ii^Jl Jl>-_jj joJa_La (_J^= i ljLsoj i CjLLuj^jJI ^jja J A 1", V 1 1 C-|j_iVI ^_j (l.V_/.Ji) 
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J-conf 



k V 

TT * 




9 


^ 


k 




y 


— 






1 1 












k|CS 










C3+K aD 







hydraulic controllers 

: Pneumatic Controllers ^Lulj^l oUkiil 1- ^ • 

<_)jJL-u2l I Jufc a I JlJt" 1 nl (J I 4 j'* I * uaJl CjL^a^ (lit I (tlaija '"■ j*- >l JlSJj .<_)LlII I Jufe ^_ L2jLu il)^=ij <jr^ 
1 ~ \ \ ^ l\ '1 1 1 pl_jj| x_L4j>- p J 1 LtagJ TcLuaj <LaLc 4_u_uL>- jjus\1c ^uLul i _ JT ic ^j ^ ' <Lil jl ■ " 1 1 <i La * I J p j -i 1 aj ^_ 

. Lu-mj 3 .^a^.;^ 1 LJL^aij Compensators a-j^l-ujUjjJI ^IjJJI Jjjuu jj-al_i£.j 
^u-ujJI Liajl liUJl^sj P-controllers Lu-mLnll oUIaiil ^ f\y\ ^^ oya (W- Y)J^a_ia 

<ltlj ij^*-> (j! ^L^J"^' (jr^- US ' " ' " * ' ^ J J ' CjLaj) 1 iij-tl A I JlJt" i iiljj t I j * a J^— U t-> iU>* tl 

!^ys\^s>^\ ^j-^* ' Jl iaLii^L) '"" I^'t 1 1 <u^5l_>JI (Jj^cjJI iJ'j-S Lai p la-La J^— 1 ) <U^sl_>JI Jj^tltl 

.(Y- Y^ Jj 1-^ !S C^Ja£.| jja JTj^ 1 S-t^aiaxLujJI 



J^=ui 


k c 


W^Jj^I <L!b 


ra max (rad/s) 


l(V«- Y) 


k c =k!/k 2 
0.03<k c <20 


T a T s s 2 +T 5 s(k c +2) + l 


1.54 
k c+ l 


Ur- Y) 


k c =k!/k 2 =(a+P)/a 
l<k c <20 


(T a /k c )s + l 
T a s + 1 


0.4 Ik c 
k c -l 


o(r«- Y) 


k c =k 2 =a/(a+P) 
0.03<k c <l 


C T a k c s + l 


0.41 
l-k c 



(Y- Y)Jjjl* 
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pneumatic P - control lets 



' E± 



Pj — 
Pi— 







JJLI_ 



Jl* 



th 



— L. 



Si 



i 



> 



He 



' 3 *-*- 



i 




> 



P, ►-* 



D < *— 



i 



^-H 



p 3 - 




T.S + K 
















T, S +K 




+ 












p l-^€^ 


K 


i^ 


y 


T.S1-. 


-7 






p' 


1 


1 T 








l T 


1 










"1^3 + 1 












p>2 


Ki 










T^S + 1 





-m 



<<■ + -fr 



T.S + 1 



^-J k,, \-<&h\ *l 



*r4h 






i^jt^itl A^=LreiII o>i^ o^ ' ^l"^" fftt^UI I jijj Phase angle jjlail SjjIj J*^j ^1 00 ^S ^ co max 
. Pi-controllers 4-tL>L=i!l ^unlaH oUia-UI <>a f-I^Jl ^Mii £tuj (YT- Y) J^ £,j 



11 
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AJL^Li^Jl JLU^-r.H a-^LuJI oUhUI o- £.1^ ^ ^^ (Vo " Y) (V1 " Y) J 1 ^'' 1 ^ 1 ^ 

. PID-controllers 



Ri- 



± 




J, 



:{«* 



i 




-tEr 



AP 



-Ki 



Ts t 1 



+ 



a 








p 












-TjS 


K" T*4-Kj 








T a sH 


T*+J fl)B+i)tTJMn 







pneumatic PI- controllers 




Ht 



K- 



-w- 





- > 



i 



Tps+r 



r*w^ 



i 



I 



AaLal^aull 2Lu-u,Lull i-uljyJI oUl^U ^i^ (YT- Y)J^=u 



■\v 
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P1D- controller 



^ 



P 2- 




T 



£> 



T 



^ 






i- 



* 



;t« 



dbh 

Jtx- 



EC 



i 



H>} 




T, s + 1 T 






R. 



(yliisLflj j—LaL^aj /-j i iiLu (-jljjfc p La * a (T£~ V,J^~~ i ■"■ 



^A 
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PID- controller 



p - 1 * 




T, S 
T,S+| 




fl-o 




a 



Bellows cjL>-Lii!l (jj/L-ul (jr ic J-«-*3 ^jiI! ■"<! t\;t I ( ^ (jj^i-T tl^ 1 ^ D^-y (^~ ^)J^~- uij 
<>a Ijl*. j-<^= -jj^ j^-jj JUJ! ^tJajj . Flapper and nozzle ^_j}Li!1j Lb^iJI oli .-.ij.^tij 



H 
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PID-controllers with flapper and, nozzle amplifiers 




^inp_f 



T,S + I 



T h 3+1 



K » 




sup 



-&c 



KiS 
















P 


K» 







<LL>-LaJ 4_uljjfc '"" i )J«* a (TV . J^" -1 '"■ 
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:^l(4S^luU^ji*J4wljJ- M 

: (JjLuj ^ q" i ii a, t p *^-— i aeUl 4 "j la La l ~ I 1 

(Jj s.U.1 f-3^J Ly^ A-se-uaX I 4_iJl*jj aj-Sj /-lfl-m j>_l»v>.j (_ps^>. ^^j^a (TV - Y J^— i ■"■) a aaJalX I oJufc lJiJLjj 
(jLaL«-i^3 ^ L> -J- 1 (j'-j-* 1 ^' ' Ju * 1 (J-^-"-"' 4r -W^ p^~* "*•"'" p" J i " (_p-!' d ^ * '^ aJU^>JI J-f4>J (_£jl*JI (jlj_>JI 

/- La »" Sj-LilLa <LajlJLa *_« J 1 ajj '"''j ^~~' ul oJui> ^Jls.1 ' ~ ' I j *— - I (JLc- lL!j_^jj 1 Ml 1 n 3 La 1 ul aj JJij *_« 3 1 1 ■"■" ^ 

p^-"- ' c Jl>-j Jl (jljJ»JI ^_ (JjI 1 nil ^j" 1 11 a x-a Luj/LlLo I Jl£»- oJufc 

** a a I a a 



<^J^= 



^l_4-LO 




(f 



2 si. ^ 



r— -- 



ol>*- 



*-LLJ3 
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J**JI 



2A 



(JjLj/ ^j" 1 11 a ^_ p^~~ 1 ~- ' *La alaJLa :(W - Y) J^— 1 ■"■ 

:4_lIL1II j_i^Ll*JI jjjO ,jj^~~ '""' (_j-^-3 p^-<-»-"tl e Jl>-J Lai 
x_a Lu-ul_LLa I Jl^>- ,_ Iqjlj p^- »>»a JjjjJa j ^c (lCVCl SCIlSOr) (JjL-oJI igj" 1 u a j^y±>- juuzlc ~ I 

.^jIjJkJI ^_ (JjI 1 nil ^j" 1 11 a 

4 alii, I p-— -1 t~ ll Sj_>l J ^_ ( p l^i i a ) ^•^-—i ->» 1 j i^'it ^— 1 a JlJcTujoJ p -»■ i >i ji ~ 1 1 

<^_p- jl^ oj^ o^- ^jW* 1 j-*j Error detector :*-«^>-!l sjJic. jl LtajJI ■ Si.m^-. - cj 
<-,l;-U i'-nr\\ ^Jj^i ^IjujVI jl^sJI w ^«~- Pump interface :ik^l ^Ma Sjb - o 



v^ 



'iuLaiSjb-jjJI 










.otL^il ud>=ta AJt-.^ll Ijla j^2j :Pump power buffer: aj^^U icllai^l pit^i^ - ^ 
.A^jLia (jj^ia ^ Ujli^ij ^ux Level reference tsj^Uil i^i\ /\ Ljt jl>.jX\ ^y.u.ll - ^ 




jjL-qJI i^ q" 1. it , 



(jJJ l^JjJ l£JlII >«^' 'J^*-^l *L"^ L^j'j^' J-*^!l cM- tjiaJ j-pu ^V jLj£.VI 4- J^Vl <jj j 
d S ij Ull <7_L^j lJij_i^=lLJI ALku (J-ii t"~\ (JJJLjj .LiUj J I 4_iJLiiL>. <L»-L>- Qj ' 'J '.'^~' (Jj^*-4-> 4^Lk> i 'I'M /", , ,,1 
IL. p^— Selli! J-jljJ aIjlst'iihI AJJL I jj .LLj^adl CjL»-Lial,l piaJL* IL. 4Jjlj^>JI <L=»-lj-!l Jj-^" aJlC (J J 

r^jVI L^jukl i y^ S_L)Jlc jolj^ 4J p^— »->"ti ^jljj a I Jl^t'ii ill fjV$ La^Acj .^IjJ! ' ^jj^- 1 " 1 ^ k» ' (Jj-* '"<" 

i_3j)jJi (^-lc (Jj La^JI (jl tJaJ lJi-uj=3lLJI a Lkiil <LaJuie 1 1 CjI Jl>-jJI (JjwC p-ilaJj * 

■ AjjIj^kJI <L>-Ij-!I 

4 *^— » 1 a 4 )l a^a (JLcLi cJij_t^=3LrJ I aUoj (Jji i"i" * 

' all] I ^ys <^Ji_ll£=3i1l! I ^ 1 Um CjI Jul>sj Sj^>.| <uLa_>. * 

ajlj^>JI A^»-jJ *_OJ^3 Jj9 ' y J'"'1^~~')jij iJaJI (j-« lJij_i^=lLJI ALksJ ^j^a (j ), Liflj ■ all 4jL«j>. • 
.(»jlj^>JI i*.jJ 4- P^~- *""'^ f ^ *-JL>- \ JJ.'^— '^ <_^ j 1 j""' a '"' c-J^LLa^ A^J-ij 

.i_Ji-uj==lLJI ALku (Jjj i""it <Loj}UI aJLwlII jl JuLo (JjJ-Sj • 



VY 



'iuLaiSjb-jjJI 













at JaJLuaJI 



4-»-Laj ^j-ul i ri~-.>U ^ Jl^-"i i nj^g (j ii-> II )-ua-Lg j__b 03^' *(lfc}' 



p^~ » "»"'' (J-q-tJ 2jL-_/l (jL-_/J2[ A JlSt" ) rlJJ (JjdUjJtl J__b j_yjL!Lllj 1 ^ J ^-— I > 



.AJjIajJI j I JuLa j I 

AjC. 2 jLi£. a-&9 *p =3 1 a- 

( AJ^— l*«J, I J-lJlLL, I 



.cOj-s-j-U 2jlj^>Jl 4__--j._ 4 -V-^ Lull La 
Jl p^~~ " >«JI (j-« 2j._iL-_-i]l 2jL-u2l (_UiJ (JLc. j J-LaJL I I Jl_J> (_U3JUJ : 4_2LL-> jl'^a • 
.«.L)j^£==> jl 1 La a Ltia^a *lj-<-> (jai-=. I J-3 2^1 Utl j . t ,^aj .4_>-jJU jL^>Jl 
p^=L>Jl ^j-a sjL-ul 4JI ■ *" i ul ^31 £ AJ^LJl jUsoLi jL^>Jl I Jl_4> j>a.2ji9 :«L>j-a jl-4-v • 

a i j I U 1 1 4_*_L-i-l J I Aa^a-jJLI j «»"t I 4-<vl3 ■»• j *>■ i ^" 1 

JL) (_^jj| Ja-j i uaJI J-Aj P^~" '*-"'" <J-aLi * 



_i3 n^— »-»"ti i <L>.jXi jL^>Ji j>j-Sj 



.«Li3 p. 
JiJ9 ^iq^ i p^-» •*■"'" ( _U}Li p_JaJj f£o LoJlIc. ^jilu (jjJI 'UlLulJI (^-4 J 
(jljjj kcj-uj jl *l_a«JI I _ t- J aj3 jl JlJjjjJI Cj\ i Lj^sr i n"tl , ^jb 4.l Lv* ] I iJjufc nq*^ 



:4_JU*JI • 

U^xlll jl t i^-sr ' "**' II (jr-^ *4"-a-<-!l i>Jak (ja^aj 

. Lb^til jl 4^*-j^_a 



jalU 



■^j ^3 -*- 1 1 ) ' *" 1 1 




vr 







' p ^— i ■*■" 1 1 pJaJ f'j-lt - <— l 

J a *" i njj p^— i-ttlll piaj aJl^I j-4> fj-l!l I Jl4>J tlaj* i^U *I^-JL) <_L**3 (_£l t^lj^fc • 

aj ..^-.tl stj*J! (_i_Li^3LJ piaj A_ 2_}Lc 
aj '♦ LaJl ?!4*J! ' ^'^^^~'" CjI Jl>-j ^_ sjLc pjJJI I Ji-£> aJlJt" i uJ9 • ■ " 'j j^~* • 

.iJsLLa j. 1 ,^.^^-i 
: Lj-a-A? CjljLp£.l 2 JlC *l_a<JI ' ^^^^— "' 4r p^ '""^ ALtaJ <4- <»-}Lc (jr^-Lhii 
^J "'-.'"'"' ' . 'J ^ <LajJi]|j (}L*ua SjIj^kJI 4j>-jJl^=) 4_l3 p^~~ t^ell ,1 j «»"t I JjJljso • 
J.cATlU 4.Q-LS £_ 4.1 7-ja i nU J>_o-iJ»JI jl jJLa (_£l t 4 -v *N <jjui> Ct-LUJ £_ 4j3jJI <L>-j.}j 

(_PajJu p^~~ '-►" " (_LaLc T^"* "•*" ' J^ a pu-l (_pJl A-JLa-tJIj i p^-.-»",tl (J^aui JljJlJso • 

.p_a^=u>J,l j-<JuII 4 <mJ3 \ p^—^-",tl 

I i-L-yj *_a cJij_i^=il1l! I a Ua.ll (Jj-« i"i" ll <L4^>Li_u ji'^' d.-L>iJ p ^-— »■»■" II ^Lku p J a uaj * 

jJi3 lil La 4_!L»- IL. i a-t^all jL^adl '2- (jjJa^aJLl ^Ut-ii^ j>^ ^1 CjjJls- 

p^— ge^JI pLtal! AJsLlaJI jjuuax 

:(TA- Y L L4=ui)j_iiLJ,l jjlaIILi *I^JI jj>-u AliaJ - o 

jLulU <>a La^^ j^=\ i ^.■^-tl j_a^3J cUp. (pump dOWlDjj^HI j^ pLtali Liajf ^a-.-uJg 
' V*»^-» 1 1 j^£. 4-t^l t" i ii z\ I <>» il (j^ 3 < 'J •(J-°-*Jl (j^- ' ^ '^^ ' * a j" ^ L -^ 1 J-i^jIJI x-iLa 4 Lse i*ii (^j^JtU 

a I Jua-" i ill x_a ^j^— i la JlJ_j_l1J| Al-lis-i (j-« " N Jjj la V I ajl^>ijl jljti>3 x_a i. i i nLuj p-^ta- 4J I ali ^-— » a-i >u ^~ » 1 1 

CjQjjjiXyj) SjIj^kJI 4^»-jJ p^-»l-s. tj-jb d)lj_a^=ua Cj^Ll ^j-* 3 ' ^JJ^*"" ' (»UaJ ^_ p^~~ »•»■"" A I IaJ ^j^— <"j^ 
Cuua-n *-'■ I M^a liLs da£. I iJaJJ ij LaJl JaJL oa >. it i oJI JaJLLa p^=L>-j /t-^J-I i-JiLa ^j ^La_u3j (i^^c 
(_$j a Lq-L<aJ I ij^LcJ (jr^ 1 p-^=L>JI (_Lsjlj <2jIj^>JI i^-jj p^=L>- LJa^jLa 4JaJiJ (j£- iajJiJI ajlj^w 4j>-jJ 
i|_ WljjJ>oj j£j-uJI xJLa 3!tni liti ii Jl (jr JjiII ' ail I ^j a! a LtaJI jj^-^-l iS-^jU -(^ri^3^' i—fllll 
Jl>- {j£. ' Ur I iXll ^^.Jo i La » i a J-J^ i'' ?-l a ' nil J>->- {j£- <- <-Se i oJI JaJLLa ^JaAse *^ a (j . ^" , ,. 1 1 jj) i ^",^-.tl 

_ Vi - 
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JJ LiUj julj iajJiJI «jlj-»- ^>-j-i c^tijjl lJ>La .UA1 .Ml l_3UlJ (^^ .UA1 ,>,!! p^—l^ J q » j'q (^-U., 



l ttlXI (_£J a! i LaJI J] ajLiiJ (J-i-uj-) p^=L>JI ^jLa SjIj^kJI 4-»-j.i P*~~ JaajLa iLLaiLi ^j-* 3 (JLct "^-J-S 

4_ jJbjJLIj cJu^aJtl ^,^1 Jai-uaJI IJljj ^j-J^UI lJjJUI (_£J> a\ n ■-«tl Ttlfljj .cLseloJ (4^-ji.l jLfl^JI) (^jU! 
i _ JT ic Ja-Li ia 1 1 (JjoL*. Jjjjt-tJS ; «U Sj LaJl i Laj La gjiaAse *JJ Ja-g 1 Lgail c l3c i nil . u » ■ >> *_djj_i (_£| » J .} L*2*J I 
a I JlJt" i ill aJuu -- '-^*JJ .<13jJlJL) *'^J' Sjlj-»- 4^>-j-S ^_ p ^- i -»" ] I pjj lLUJljj <,_£jj>.| aj-a i tag I LaaJI (J-i t i"m 
^_ Jj_)-Lill x-jLa (Jj^-isj (JL»Cl>-I (j_a «QjL«->J aj-iI/LL/O i lag I LtaJI (Jjt i"i" jl l_3L2j2 ajlj_>JI A^»-jJ p^=L>- 







d-t^a ' 



■■•* '^-"> ^ c I suit 



jO-H-U-iQ 







!MU J 



iajJLlI iljjt 






j-iLdl JJt^LlL plj^JI Jj>-u aUaJ 4-<«^=^6^l :(VA- Y) J^aui 



V« 







t^^^ ajjj-tl AjJlJlIII 4Jj la * ) (J-a-*3 4 * j La * a (_£2 4_ujjL_u2| Cj U_^=ii I J jj-a l_L«J I (j] • 

.<L_i_uL>JI 4-Lfl-JajJI CjLJ^^=lI,Ij CjK '^— LI ♦{♦ 
.JjJutlJI jj-al_t£.j d)l -i Laitl ♦{♦ 

'(J ' ■!*' (*3^ (_P"^ Lr^ ^Ji '"< j"'^~~' 4-ULjjJajl '"' _ 0^~* II (J " _^ ' <U^»L><j' (j »*> 11 ^-i^sLi^. • 
^_ CjLLuj^p ( 4_uj_£^=i]| LajLail jluajjij2 <(_£jlj^>JI r-ljJijVI :2jlj^>JI CjL>-jJ ♦$► 

■ j)j-uJ I j j ( n m 1 1 (j-o^- J->-^ lie i AJ^Laj-lLtl CjUjJLlII t AJ j 1 ,1 4-ufae.2M tiLaJLiiaJl ^j"' ^ *** 

.(jLuJI CjL>-L>.J cCjLoIjjlII IiJjLj/ ^J~ i " a (j-uLiJ9 ♦$► 

/- i ujlal *» "Jjj"'^~~' * a I 

(jj/LuLa t /— La->J I j^^JLisLfljJI (Jj^sJkl t Sj-LtlLt, I LajLill) 4 j La a* II ClUljl i n'tlj CjL>-lj2l 

(j2 lLUJj c^VI p^~~ LSeHJI '"'' aa.La.La ^_ a Jl^t" i uj /jJ-I' CjIJ^^=lUj jj-al_L«JI /<ukl ^j^a On '^— II j-p-tj • 

.d)^L>.^_aj ^^ ' "J, '* "J!j J^~~* 

</<ujjLc.j1!I £?-jJaJI £x_a^>JI tjlla 4_uj/Lj/2I 4-ul i n-stl CjLiLaJLlI (_)JaJi ■ ' Ajjj/L>JIj Aj^Ja jJ I jj-a LulI I aj-Sj • 

p'^'"!^! pM'^"l A "j^J ^JJJiJ '^ CjLu-a-«-ll ojufea J^l^-.".tlj J ,X1 A"tl t 4-a-m^JI 1 1 > >juaJ I 

p^~ ■ StLJJ] 2jLil Jl>-I_i <^^>- SjJjJ^I ijjLtlll jl i na ^_ aji^>-ji.l 4.-lIL«JI 2jJl2JI j J i a a jj'tX' i-i!j^>Jk I J-p-^- 1 * 

_ v\ _ 



'iuLaiSjb-jjJI 










( 4-Uj j^~- SjjIJ-a CjL^sjjxjO i-illAj .^L^-Lll p^~~ t^elJl j L<a-Lg Jjt mi"! 4_taL^= Sj JJ9 CjI j r-jjjei.1 Jtlc CjljLful 

.4_uljjfcj A-^ajJjjJtjjii 
j La-i i •■ ' (jl « jiali i •■' j—ILlILij i 4 ^j ^— » *- \ I x_a Sj_il/Li_« (J^aLtLi (_£ jJI < ua-uJI j^L^-LlI p^~~ LSellll j L^a-Lg j-p-t-i • 
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